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FOREWORD 


This  investigation  was  conducted  during  the  period  17  March  - 
21  April  1980,  by  the  Environmental  Laboratory  of  the  U.S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  for  U.S.  Army  Engineer  Division, 
Huntsville. 

This  investigation  was  conducted  to  develop  data  that  will  assist 
engineers  in  the  preparation  of  design  criteria  in  support  of  Planning 
for  the  Regional  and  Noncontiguous  Storage  under  the  Strategic  Petroleum 
Reserve  Program  for  the  Department  of  Energy.  The  Huntsville  Division 
endorses  the  recommendations  and  findings  of  this  report. 
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ADDITIVES  TO  PREVENT  DELETERIOUS  EFFECTS  ASSOCIATED  WITH 
LONG-TERM  STORAGE  OF  PETROLEUM  PRODUCTS 

PART  I :  INTRODUCTION 


Background 

1.  Recent  disruptions  in  the  supply  and  distribution  of  petroleum 
products  within  the  United  Stat.es  has  aroused  interest  in  systems  for  regional 
long-term  storage  of  refined  petroleum  products.  Crude  oil  surface  and 
subsurface  storage  systems  have  both  been  considered.  The  major  concern  in 
storage  systems  is  the  long-term  stability  of  the  critical  petroleum  products 
and  crude  oil. 

2.  Most  crude  oil  reserves  are  kept  in  the  original  reservoir  forma¬ 
tions.  However,  extraction,  refining  and  distribition  of  these  resources 
does  not  meet  specific  demands  if  portions  of  the  process  train  are  disrupted. 
It  is  therefore  necessary  to  have  several  storage  sites  for  strategic, 
regional  reserves.  The  transportation  and  storage  processes  often  increase 
instability  and  contamination  problems  in  the  refined  products  and  crude. 
Mixing  of  products  from  diverse  sources  similarly  can  cause  unique  problems 
related  to  deterioration  during  long-term  storage. 

3.  Only  limited  information  regarding  stability  during  long-term 
storage  is  available  because  production  and  marketing  practices  of  the 
petroleum  industry  do  not  require  such  operations.  Most  storage  is  short¬ 
term  because  this  is  most  economical  in  the  present  producer-consumer  systems. 

Objective 

4.  The  objectives  of  ££ttr  study  are  to  present  the  deleterious  effects 
of  long-term  storage  of  crude  oil  and  petroleum  products  and  to  suggest 
products  and  process  modifications  which  will  minimize  or  eliminate  the 
negative  effects  of  such  storage.  Specific  additives,  treatment  rates,  and 
cost  are  provided  when  available.  - 
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Methodology 

5.  '^he  literature  was  reviewed  to  evaluate  the  available  information 
£-r  data  from  theoretical  and  research  studies  to  determine  what  means  of 
treatment  would  prove  to  be  most  applicable.  This  review  was  supplemented  by 
discussions  with  military  and  civilian  experts  familiar  with  the  chemistry 
and  stability  of  petroleum  j*nd  additive  compounds,  and  a  compilation  of 
information  on  currently  marketed  additives. 

6. "  The  criteria  used  in  evaluating  the  potential  of  the  various  methods 
or  processes  found  in  the  literature  included:  the  anticipated  ability  of  a 
process  or  additive  to  prevent  significant  deterioration  of  the  product,  the 
feasibility  of  the  process  or  additive,  the  compatability  of  processes  and 
additives  and  the  deleterious  effect  of  additive  components  on  other  storage 
parasieters . 

7.  Laboratory  testing  of  products  was  not  within  the  tasks  delineated 
for  this  study.  All  data  supplied  by  manufacturers  was  accepted  without 
additional  testing  or  verification. 


/ 


Scope 


8.  ^This  report  includes  the  results  of  the  literature  review,  the 
specific  literature  available  from  commercial  sources,  preliminary  cost 
estimates,  a  bibliography,  and  recommendations  with  regard  to  additional 
steps  to  evaluate  stabilizing  additives . 
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PART  II:  LONG-TERM  EFFECTS  OF  PETROLEUM  PRODUCT  STORAGE 

Major  Deleterious  Effects 

9.  The  major  problems  that  are  associated  with  long-term  storage  of 
any  petroleum  or  petroleum-derived  material  relate  to  changes  in  the  molecular 
structure  of  the  hydrocarbons  (natural  or  biologically  mediated),  solid/liquid 
phase  separations  that  can  occur  with  the  stored  liquid,  and  rapid  corrosion  of 
surrounding  metal  or  concrete  due  to  microbially-accelerated ,  chemical  attack. 
Major  effects  are  generally  classed  as  autoxidation,  metal  reactivity,  pour 
point  increase,  sludge  formation,  bacterial  activity,  and  corrosion. 
Autoxidation 

10.  Autoxidation  is  a  major  problem  of  long-term  bulk  storage  of  petro¬ 
leum  fuels.  The  deterioration  of  the  fuels  in  storage  is  a  function  of  initial 
oxygen  content,  subsequent  oxygen  availability  catalysts  and  duration  of 
storage.  The  hydrocarbon  type  is  also  a  factor.  The  most  reactive  compounds 
are  diolefins  followed  in  order  of  stability  by  aromatic  olefins,  aliphatic 
olefins,  alkyl  aromatics,  naphthenes,  and  paraffins  (Lundberg,  1962).  The 
chain  reaction  decomposition  occurs  by  a  two-step  method  (Ducek,  1964;  Walsh, 
1947;  Barnett,  1957;  Medley,  et  al.,  1960).  Hydrocarbons  reacting  with 
atmospheric  oxygen  initially  produce  alkyl  or  aryl  hydroperoxides  (Walsh,  1947; 
Lundberg,  1961;  Kennerly,  et  al.,  1952;  Boozer,  et  al.,  1955).  The  hydroper¬ 
oxides  react  producing  secondary  oxidation  products  such  as  aldehydes ,  ketones , 
hemiacetals,  and  esters  (Ducek,  1964).  These  later  oxidation  products  even¬ 
tually  form  insoluable  gums.  The  hydroperoxide  disassociation  is  accelerated 
by  heavy  metal  catalysts. 

Metal  reactivity 

11.  Metal  deactivator  additives  inhibit  the  pro-oxidant  catalytic 
activity  of  metals  such  as  copper  and  its  compounds.  These  metals  promote 
degenerative  chain  branching  of  the  hydrocarbons,  thereby  enhancing  oxidation 
and  polymerization.  Corrosive  elements  such  as  vanadium  can  also  be  treated 
to  render  them  inactive. 

Pour  point  increasing 

12.  The  tendency  of  pour  points  to  increase  with  time  is  dependent  upon 
the  crystallization  of  wax.  The  formation  of  wax  can  alter  pumpability  of  a 
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product  and  virtually  solidify  an  entire  mass  if  wax  content  is  sufficiently 
high.  Additives  which  modify  the  growth  of  crystals  can  sufficiently  lower 
pour  points  so  as  to  provide  a  product  pumpable  at  temperatures  below  its 
normal  pour  point. 

Sludge  formation 

13.  All  petroleum  products  exhibit  sludge  formation  during  storage. 

The  precipitation  of  gums,  resins,  asphaltenes,  water  and  suspended  sediment 
often  causes  the  plugging  of  pumps,  lines,  and  filters.  Dispersant  additives 
prevent  the  precipitation  of  large  quantities  of  the  above  listed  materials 
by  maintaining  them  in  suspension. 

Bacterial  activity 

14.  Petroleum  products  are  suceptable  to  bacterial  degradation  especially 
in  the  presence  of  a  water/petroleum  interface.  Bacterial  accumulations  often 
produce  a  slime  (large  masses  of  bacteria)  which  can  cause  plugging  of  fuel 
handling  systems.  The  waste  product  of  bacteria  growth  is  acidic  and  promotes 
the  corrosion  of  storage  facility  materials.  Retarding  or  eliminating  bacterial 
activity  prevents  corrosion  of  metal  parts,  destruction  of  petroleum  products, 
and  prevents  system  fouling  by  slime  accumulations. 

Corrosion 

15.  The  destructive  attack  of  metal  components  of  storage  facilities  by 
chemical  or  electrochemical  reactions  can  be  minimized  by  use  of  inhibitors. 
Organic  inhibitors  can  be  used  in  petroleum  storage  to  effectively  control 
corrosion.  The  inhibitors  adsorb  to  metal  surfaces  forming  a  layer  a  monolayer 
thick.  This  layer  blocks  the  discharge  of  hydrogen  ion  and  dissolution  of 
metal  ions.  The  effectiveness  of  the  polar  molecules  attached  to  the  surface 
is  a  function  of  size,  shape,  charge  and  orientation  of  the  molecule  or  group 
of  molecules. 


Materials  to  be  Stored 


Crude  oil 

16.  Crude  oil  (Table  1)  is  being  stored  in  various  surface  and  subsurface 
facilities  in  several  countries.  Long-term  storage  of  7  to  10  years  appears 
to  have  little  effect  on  the  crude,  although  a  paucity  of  material  testing  makes 
verification  difficult.  In  South  Africa,  emulsions  at  the  oil-water  interface 
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Table  1 

Petroleum/Product  Types  and  Characteristics 


Crude  Oil  Type  (Category) 


Characteristics 

I 

II 

III 

IV 

V 

VI 

API  Gravity  (°API) 

30-36 

40-45 

30-36 

34-40 

36-41 

26-30 

Total  Sulphur  (wt%) 

Max. 

1.99 

0.25 

0.50 

0.25 

0.50 

1.25 

Pour  Point  (°F)  Max. 

50 

50 

50 

50 

50 

50 

Salt  Content 

(lbs/1000  bbls)  Max. 

50 

50 

50 

50 

50 

50 

Viscosity  (SUS  @  60°F) 
Max. 

150 

150 

150 

150 

150 

150 

Reid  Vapor  Pressure 
(Psig  @  100°F)  Max. 

11 

11 

11 

11 

11 

11 

Mercaptans  (PPM  in 
375-500°F)  Max. 

No  limit 

12 

12 

12 

No  limit 

12 

Yields  (Vol.  %) 

Naptha  (375°F) 

24-30 

35-42 

21-29 

29-36 

30-38 

15-20 

Distillate  (375-620°F) 

17-31 

21-35 

23-37 

31-45 

19-33 

24-27 

Gas  Oil  (620-1050°F) 

26-38 

20-34 

28-42 

20-34 

23-37 

38-42 

Residuum  (1050°F) 

10-19 

4-9 

7-14 

0-5 

7-14 

15-20 

Water  and  Sediment 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

(Vol .  %  Max.) 


Note:  Supplied  by  Huntsville  Divison 
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apparently  resulted  from  the  use  of  centrifugal  pumps  for  circulating  water 
below  the  petroleum,  but  effects  of  storage  on  the  oil  are  minimal.  Underground 
storage  of  crude  in  Sweden  is  of  moderate  time  duration  (  10  years).  The  crude 
is  mixed  by  input  and  extraction  procedures  associated  with  normal  delivery 
and  use.  Circulation  of  the  oil  and/or  the  water  bed  below  the  oil  through 
heat  exchangers  also  enhances  mixing  of  new  and  old  oil,  and  therefore  limits 
average  residence  time  of  the  stored  crude.  Sludge  accumulation  in  the  water 
bed  is  minimal  which  indicates  only  minor  deterioration  storage  time. 

Information  regarding  physical  and  chemical  alterations  of  other  crudes  stored 
in  the  U.S.  and  West  Germany  is  unavailable  or  nonexistent. 

Residual  fuel  oil 

17.  Crude  oil  at  the  well  head  contains  a  variety  of  contaminants  both 
natural  materials  and  materials  added  to  enhance  extraction  from  the  reservoir. 
Among  the  contaminants  and/or  additives  are  dewaxers,  corrosion  inhibitors, 
emulsion  breakers,  naptha  acids,  drilling  mud  and  related  chemicals,  dispersants 
and  salts.  Some  of  these  contaminants  remain  in  the  crude  through  heaters, 
washers,  and  the  crude-heating  furnace.  The  result  is  that  the  contaminants 
often  concentrate  in  the  receiver  tower  and  are  extracted  with  the  residual 

oil  (Table  2).  Analyses  show  various  concentrations  of  iron,  copper,  sodium, 
nickel,  calcium,  vanadium,  mangesium,  barium,  and  aluminum  are  present  in  the 
residual  oil. 

18.  Sludge  deposition  and  the  instability  of  the  residual  oil  are  major 
problems  during  storage.  The  fuel  processing,  oxidation,  and  polymerization 
produces  msoluable  compounds  that  precipitate  as  a  sludge.  Blending  or  mixing 
fuels  from  different  processes  or  sources  may  produce  the  precipitation  of 
asphaltenes,  an  additional  sludge-forming  problem. 

19.  Waxy  components  of  light  residual  oils  separate  from  the  oil  as  it 
cools.  These  crystals  can  form  a  major  phase  separation  if  cooling  continues 
for  extensive  periods  of  time.  This  separation  affects  the  overall  properties 
of  the  oil  and  may  cause  problems  in  regards  to  pumpability.  The  ASTM  method 
for  determination  of  minimum  cold  storage  and  handling  temperatures  is  defined 
in  ASTM  D  3245,  and  addresses  this  tendency  to  form  waxes  (Bowden,  et  al.,  1978). 

20.  Residual  oils  and  crude  are  generally  maintained  at  50°-60°C  during 
storage  to  facilitate  extraction  and  prevent  wax  formation. 
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Table  2 
General 

No.  6  Oil  Specification 


Grade  (ASTM)  6 

Specific  Gravity,  60/60°F  0.910-0.993 

Saybolt  Viscosity, 

Universal  at  38°C  (100°F) 

Furol  at  50°C  (122°F)  (50-250) 

Kinematic  Viscosity,  cSt 
At  38°C  (100°F) 

At  50°C  (122°F)  (103-530) 

Flash  Point,  °C  (°F) ,  Min.  66(150) 

Four  Point,  °C  (°F) ,  Max.  16(60) 

Ash,  Wt  %,  Max.  0.1 

Water  and  Sediment,  by  1.0 

Centrifuge,  Vol  %,  Max. 

or: 

Water  by  Distillation,  Vol  %,  Max.  1.0 

and: 

Sediment  by  Extraction,  Wt  %,  Max  0.1 

Sulfur,  Wt  %,  Max.  2.7 

Compatibility  Rating  (D  2781),  Max.  2 

Ramsbottom  Carbon  Residue,  Wt  %,  Max.  15 

Asphaltenes  (IP  143),  Wt  %,  Max.  15 

Additives  NONE 


Note:  Supplied  by  Huntsville  Division. 
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Jet  fuels 

21.  The  storage  stability  of  jet  fuels  (Table  3)  is  routinely  evaluated 
and  specified  by  existent  and  accelerated  gum  tests.  Stringent  requirements 
placed  on  jet  fuel  production  by  military  and  civilian  specifications  provide  a 
fuel  product  which  is  relatively  stable  when  antioxidant  additives  are 
incorporated. 

22.  Storage  of  jet  fuel  over  a  liquid  brine  bed  in  a  rock  salt  cavity 

proved  successful  for  a  test  period  of  5  years.  No  measurable  alteration  of 
composition,  acidity,  tar,  and  sulfur  content  was  observed.  The  fuels  passed 
static  thermal  stability  testing,  but  only  passed  marginally  on  dynamic  tests. 
Sodium  content  after  storage  did  not  exceed  that  of  certain  commercially  available 
fuels  (3.5  10  percent). 

23.  Oxygen  content  significantly  affects  thermal  stability  of  the  fuels. 
Fuels  of  inherent  high  thermal  stability  are  less  susceptable  to  the  effects 
of  oxygen,  and  therefore  would  require  less  antioxidant  additive.  The  effect 

of  temperature  and  duration  of  storage  time  has  little  effect  on  fuels  if  oxygen 
content  is  minimal  and  if  temperatures  are  maintained  below  55°C. 

24.  Soviet  investigations  of  jet  fuels  from  naphthenic  petroleum  indicate 
these  fuels  have  more  nitrogen  bases  (primarily  alkyl  derivatives  of  quinoline 
and  pyridine)  than  those  from  paraffinic  petroleums.  The  removal  of  nitrogen 
bases  from  both  products  significantly  improved  thermal  stability  and  decreased 
eventual  residue  formation  caused  by  oxidation.  Another  study  revealed  that 
only  thermal  stability  changed  significantly  during  long-term  storage  of  hydro¬ 
genated  fuels.  This  change  could  be  curtailed  by  the  addition  of  antioxidation 
or  dispersing  additives  (Bowden,  et  al.,  1978). 

25.  Jet  fuels  are  such  highly  refined  products  that  usually  gum  forma¬ 
tion  from  thermal  decomposition  is  the  major  deterioration  problem.  Modifica¬ 
tion  of  refining  techniques  and  use  of  antioxidants  appear  to  provide  satis¬ 
factory  stability  in  storage. 

Naphtha 

26.  Naphtha  or  petroleum  benzine  is  a  mixture  of  low-boiling  point 
fractions  of  petroleum.  The  mix  consists  chiefly  of  hydrocarbons  of  the 
methane  series--principally  pentones  and  hexanes.  The  boiling  point  is 
between  35°  and  80°C.  Naphtha  is  the  principal  feedstock  for  production  of 
benzene  cyclohexane,  xylene,  and  gasoline. 
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Table  3 

Detailed  Requirements  of  Aviation  Turbine  Fuels 


Property 

Jet  A  or  Jet  A-l 

Jet  B 

Acidity,  total  max,  mg  KOH/g 

0.1 

Aromatics,  vol,  max,  % 

20 

20 

Sulfur,  mercaptan,  wt,  max,  % 

C.003 

0.003 

Sulfur,  total  wt,  max,  % 

Distillation  temperature,  °F(C): 

0.3 

0.3 

10%  recovered,  max,  temp 

400(204.4) 

— 

20%  recovered,  max,  temp 

— 

290(143.3) 

50%  recovered,  max,  temp 

Report 

370(187.8) 

90%  recovered,  max,  temp 

Report 

470(243.3) 

Final  boiling  point,  max,  °F(°C) 

572(300) 

— 

Distillation  residue,  max,  % 

1.5 

1.5 

Distillation  loss,  max,  % 

1.5 

1.5 

Flash  point,  min,  °F(°C) 

100(37.8) 

-- 

Gravity,  max,  °API(min,  sp  gr)  at  60°F 

51(0.7753) 

57(0.7507) 

Gravity,  min,  °API(max,  sp  gr)  at  60°F 

37(0.8398) 

45(0.8017) 

Vapor  pressure,  max,  lb 

— 

3 

Freezing  point,  max,  °C 

-40  Jet  A 

-50 

-50  Jet  A-l 

— 

Vixcosity  -4°F  (-20°C)  max,  cSt 

8 

-- 

Net  heat  of  combustion,  min,  Btu/lb 
Combustion  properties:  one  of  the 
following  requirements  shall  be  met: 

18,400 

18,400 

(1)  Luminometer  number,  min  or 

45 

45 

(2)  Smoke  point,  min  or 

25 

25 

(3)  Smoke  point,  min  and 

20 

20 

Naphthalenes,  vol,  max,  % 

3 

3 

Corrosion,  copper  strip  2  h  at 

212°F(100<*C)  max 

Thermal  stability:  one  of  the  follow¬ 
ing  requirements  shall  be  met: 

No.  1 

No.  1 

(1)  Filter  pressure  drop,  max,  in.  Hg 

3 

3 

Preheater  deposit  less  than 

Code  3 

Code  3 

(2)  Filter  pressure  drop,  max,  mm  Hg 

25 

25 

Tube  deposit  less  than 

Code  3 

Code  3 

Existent  gum,  mg/100  ml,  max 

Water  reaction: 

7 

7 

Separation  rating,  max 

2 

2 

Interface  rating,  max 

Additives  (see  4.2) 

lb 

lb 

Electrical  conductivity,  pS/m 

— 

— 
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27.  Because  naphtha  is  a  production  intermediate  very  little  information 
is  available  on  stability  in  storage.  In  most  cases,  there  seems  to  be  no 
provision  for  long-term  storage  of  naphtha  and  no  available  literature  on  the 
use  of  additives  in  stored  naphtha.  The  most  troublesome  impurities  are  or¬ 
ganic  acids  and  ringed  nitro  compounds.  The  aromatic  and  parafenic  types  are 
both  lighter  than  the  residual  oils  and  may  be  stored  at  temperatures  as  low 
as  30°F  without  gelling.  Napthas  can  deteriorate  as  do  other  petroleum  prod¬ 
ucts,  but  little  data  is  available  on  the  deterioration  due  to  extended  dura¬ 
tion  of  storage. 
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PART  III:  DISCUSSION 

Antioxidants 

28.  Many  petroleum  fuels  exposed  to  air  in  storage  at  ambient  tempera¬ 
tures  will  undergo  oxidation  and  some  polymerization  to  form  resinous  materials 
referred  to  as  gums.  Alkenes  or  olefins  (unsaturated  hydrocarbons)  autoxidize 
more  rapidly  than  alkanes.  The  oxygen  is  thought  to  attack  the  carbon  atom 
adjacent  to  the  double  bond  in  preference  to  other  secondary  or  tertiary 
hydrogen  atoms  (see  Figure  1).  The  hydroperoxide  formed  is  converted  to  a 
free  radical  by  thermal  decomposition  and  the  free  radical  then  is  available 

to  initiate  polymerization.  Polymer  formation  usually  terminates  when  two 
growing  chains  collide.  Polymers  formed  in  autoxidation  usually  have  a  random 
spatial  arrangement  of  polymeric  units  and  appears  as  oily,  sticky  semisolids. 
Light  energy  and  dissolved  metal  accelerate  gum  formation. 

29.  The  most  effective  inhibitors  for  autoxidation  are  phenylenediamenes 
and  hindered  phenols  (Figure  2).  The  chain-breaking  activity  of  these  com¬ 
pounds  is  thought  to  be  related  to  their  ability  to  donate  hydrogen  atoms  to 
the  peroxy  radical  causing  it  to  stabilize. 

30.  Experience  with  the  use  of  antioxidants  in  long-term  storage  of 
petroleum  products  is  limited.  LePera  (1966)  noted  that  autoxidant  depletion 
could  be  observed  within  6  weeks  in  accelerated  aging  tests  on  gasoline. 

31.  Dupont  Corporation  (Appendix  A)  has  reported  tests  where  one  of 
their  alkylated  phenol  additives  showed  only  10  mg/ 100  ml  gum  after  9  weeks  of 
storage  at  43°C.  This  test  simulated  field  storage  for  nine  months  and  at  the 
end  of  this  time  gum  formations  exceeded  acceptable  levels  (  7  mg/100  ml). 

32.  Ethyl  Corporation  has  reported  (Appendix  A)  that  in  43°C  storage 
tests  with  regular,  leaded  (7.5g  Pb/US  gallon  as  tetraethyl  lead)  gasoline  their 
additive,  Ethyl  733  performed  so  as  to  maintain  acceptable  gum  levels  (  7  mg/ 

100  mi)  for  7  weeks.  One  week  storage  at  43°C  is  considered  by  Ethyl  Corpora¬ 
tion  as  equal  to  one  month's  storage  in  the  field. 

33.  In  other  testing  with  full-boiling-range  catalytically  cracked 
gasoline,  Ethyl  733  maintained  acceptable  gum  levels  for  36  weeks  (43°C) . 

Tests  with  blended  fuels  containing  catalytically  cracked,  straight  run  and 
polymer  gasolines  showed  that  no  increase  in  gum  could  be  detected  after 
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RCH=CHCH,R  1-0, - ^RCH  =  CHCHR 

2  c  i 

‘ — 0~QH 

Aikene  +  Oxygen - Hydroperoxide 

Thermo /  decomposition  yields  a  free  radical  ( R0#). 

R0*  +  ch2=ch2 - ^ro-ch2-ch* 

roch2chj  +  xch2=  ch2 — ro  (  ch2ch2  \  ch2ch 

Propagation  usually  ends  as  growing  chains  collide. 


Figure  1.  Chemical  pathway  involved  in  gum 

formation  in  stored  petroleum  products. 
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Figure  2.  Compounds  used  as  antioxidants  in  fuel  storage. 
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20  weeks.  No  tests  are  available  on  Ethyl  antioxidation  additives  ia  jet  fuel 
although  the  same  blend,  Ethyl  733,  is  the  suggested  additive. 

34.  No  information  is  presently  available  on  use  of  antioxidant  for 
long-term  (10  to  20  years)  storage  of  petroleum  products.  Most  testing  has 
been  with  gasolines  and  have  simulated  relatively  short  periods  of  storage. 

If  antioxidants  are  to  be  employed  for  jet  fuel  storage,  testing  to  determine 
maximum  limits  of  effectiveness  will  be  required. 

Metal  Reactivity 

35.  Heavy  metals  (including  copper,  cadmium,  mercury,  and  uncombined 
lead)  in  petroleum  products  produce  two  major  problems;  they  act  as  catalyst 
to  speed  autoxidation  and  gum  formation;  they  combine  with  organosulfur  com¬ 
pounds  (thiols)  to  form  insoluble  salts  (metal  mercaptides) .  The  copper 
mercaptides  are  particularly  troublesome  because  they  form  gel-like  deposits 
that  can  cause  clogging  of  filters  and  fuel  nozzles. 

36.  Metal  reactivity  is  managed  in  fuel  storage  and  transportation 
facilities  by  adding  metal  deactivators  that  can  combine  with  and  hold  the 
metals  in  soluble  organic  compounds.  Figure  3  shows  the  structure  of  N,N  - 
disalicylidene  propylenediamine ,  a  heavy  metal  scavenging  agent  commonly  used 
metal  deactivating  additives. 

37.  The  effectiveness  of  any  metal  deactivator  is  directly  related  to 
the  stability  of  the  scavenging  compound  and  its  metal  complexes  and  the  degree 
of  metal  contamination.  No  data  on  long-term  metal  complex  stabilities  are 
available  and  no  data  have  been  developed  on  potential  heavy  metal  contamina¬ 
tion  from  storage  and  transfer  operation. 

38.  It  may  be  possible  to  extract  metal  complexes  and  metal  deactivator 
agent  from  petroleum  products  in  storage  by  caustic  scrubbing  and  therefore 
renew  the  chelating  or  deactivating  agents  periodically.  Existing  patterns  in 
fuel  storage  and  distribution  do  not  require  long-term  stability  so  no 
technology  for  cleaning  fuel  in  storage  currently  exists.  Technical  develop¬ 
ment  and  testing  will  be  required  if  metal  deactivation  additives  are  used  in 
long-term  fuel  storage. 
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N,  N'  -disaHcylidene-1,2-  diaminopropane 
(N,N*  -dlsallcylldene  propylenediamine) 


Figure  3.  Chemical  structure  of  chelating  agent 
used  as  a  metal  deactivatoT. 
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Pour  Point  Increase 


39.  In  the  heavy  oils  (crude  and  residual  oils)  and  middle  distillate, 
the  ability  to  pump,  flow,  or  pour  the  material  can  be  severely  affected  by 
the  growth  of  wax  crystals  as  the  oil  cools.  After  waxes  have  separated, 
relatively  high  temperatures  are  required  to  remelt  the  solids. 

40.  To  prevent  an  increase  in  pour  point  in  crude  or  heavy  fuel  oils, 

materials  classed  as  pour  point  depressants  or  cold  flow  improvers  can  be 
added  that  prevent  the  growth  of  wax  crystals.  These  materials  attach  to  the 
surface  of  nucleating  crystals  and  retard  crystal  growth  The  microcrystals, 
if  they  remain  small  and  equidimensional,  present  r  problems  in  pump- 

ability  and  filtration. 

41.  Cold  flow  improvers  are  not  generaxl'.r  4  *ver  long  period  of  time; 

they  are  added  during  times  when  climatic  condit  require  their  use.  Mo  data 

are  available  on  their  stability  or  eventual  «iepletiju  in  stored  fuel  or  crude 
oil.  If  pour  point  depressants  are  employed  in  large  quantity,  long-term 
storage  of  fuel  and  crude  oils,  testing  and  evaluation  will  be  necessary. 

42.  The  feasibility  of  heating  Mo.  6  residual  oil  is  a  function  of  the 
viscosity  or  state  to  which  it  is  permitted  to  solidify.  The  most  time  effi¬ 
cient  method  of  retrieval  would  be  to  keep  the  entire  mass  in  the  liquid  state 
circulating  within  the  reservoir.  The  duration  of  storage  may  make  this  an 
inefficient  (energy)  method  when  compared  to  the  solidify/liquify  process 
whereby  the  material  is  liquified  at  the  time  of  extraction.  Another  factor 
to  be  considered  is  energy  efficiency  being  dependent  upon  storage  media,  in 
which  case  surface  storage  will  have  a  continuous  heat  loss  the  rate  of  which 
is  a  function  of  reservoir  and  external  temperatures. 

43.  The  solidification  or  formation  of  gel  consistency  residual  No.  6 
oil  will  cause  unique  problems  in  heating.  The  heating  system,  if  installed 
at  the  bottom  of  the  storage  facility,  will  initially  heat  the  oil  to  a  fluid 
state,  but  the  ability  of  the  oil  to  convectively  dissipate  the  heat  energy  is 
extremely  limited.  Agitation  systems  in  conjunction  with  the  heating  system 
must  be  employed.  The  heating  of  the  entire  reservoir  will  be  a  time  consuming 
effort. 
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Sludge  Formation 

44.  Particulate  material  is  almost  always  present  in  petroleum  products 
and  in  most  cases,  if  the  material  remains  in  suspension,  it  causes  no  problems 
in  utilizing  the  fuel.  However,  there  autoxidation  or  wax  formation  causes 
particulates  to  increase,  clogging  can  become  a  problem. 

45.  Nitrogen-based  surfactants  have  proved  very  useful  in  preventing 
settling  and  accumulation  of  sediment.  One  common  material  used  in  fuels  is 
oleoyl  amide.  Salts  of  alkylbenzenesulfonic  acid  are  also  employed  as  dis¬ 
persing  agent  in  oils.  All  surfactants  are  long-chain  polymers  having  both 
polar  active  and  oil  soluble  groupings.  The  dispersant  is  consumed  as  it  coats 
the  surfaces  of  particles  suspended  in  the  oil  and  if  no  additional  surfactant 
is  added,  dispersion  in  the  oil  will  drop  off  and  sediment  formation  will  be 
accelerated. 

46.  Most  dispersants  appear  to  be  stable  to  normal  storage  temperature. 
Dupont  (Appendix  A)  has  reported  that  its  dispersant  product,  FOA-2,  is  "com¬ 
pletely  stable"  for  long  periods  at  temperatures  up  to  150°F  (65°C).  All 
surface-active  agents  used  .with  fuels  may,  if  poorly  managed,  produce  water- 
in-oil  emulsions  that  are  very  difficult  to  break.  If  the  treated  oil  product 
is  agitated  with  water,  especially  acidic  water,  emulsification  can  occur.  In 
general,  the  lower  the  pH  the  more  stable  the  emulsion. 

47  Dispersants  suitable  for  use  in  long  term  may  presently  be  avail¬ 
able;  but  a  testing  program  and  research  into  management  of  treated  products 
will  be  required  to  assure  that  complications  due  to  emulsion  formation  and 
consumption  of  surfactant  do  not  occur. 


Bacterial  Activity 


48.  Bacterial  or  microbial  activity  affects  stored  petroleum  products 

by: 


a.  Direct  attack  on  the  petroleum  hydrocarbons  with  the  production 
of  masses  of  bacterial  cells  that  can  produce  clogging. 

b.  Microbial  attack  on  organic  fuel  additives  with  the  production 


of  sediment. 
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c.  Production  of  hydrogen  sulfide  in  tank-bottom  water  with  subse¬ 
quent  generation  of  corrosive  organic  sulfides. 

d.  Microbially  moderated  corrosion  of  iron  in  contact  with  tank- 
bottom  water  (Davis,  1967). 

49.  The  direct  utilization  of  hydrocarbon  by  bacteria  normally  occurs  in 
water  associated  with  the  fuel.  When  the  fuel  and  water  mix  together  during 
loading  or  unloading  masses  of  bacterial  cells  become  entrained  in  the  fuel  and 
can  clog  fuel  strainers.  Microbial  cells  also  can  cause  the  formation  of 
emulsions  that  can  add  further  to  fuel  contamination.  Some  fuel  additives  can 
support  the  growth  of  bacteria  more  readily  than  the  fuels  themselves.  Davis 
(1967)  noted  that  the  surfacant,  phosphotidycholine  (a  jet-fuel  additive)  is  a 
better  source  of  carbon  for  bacteria  than  the  fuel  itself.  When  the  material 
is  used  it  must  be  protected  by  a  bactericide. 

50.  Sulfate-reducing  bacteria  growing  in  water  associated  with  fuel, 
especially  kerosine  jet  fuel  can  produce  elevated  levels  of  corrosive  organic 
sulfur  compounds  in  the  fuel.  Stagnant  sea  water,  because  of  its  high  sulfate 
content,  can  be  particularly  harmful  to  fuel. 

51.  Organic  polymer  coating  on  fuel  tanks  is  also  subjected  to  microbial 
attack.  Some  bacteria  can  use  tank  coatings  as  a  sole  carbon  source.  In  other 
cases  coatings  appear  to  have  suffered  from  attack  by  microbial  metabolic 
products . 

52.  Bacterially-moderated  corrosion  can  be  severe  in  steel  or  concrete 
tanks.  Zajic  (1969)  reviewed  effects  of  bacteria  in  corrosion  and  cited  these 
major  microbial  activities. 

a.  Formation  of  sulfuric  acid  and  organic  acids. 

b.  Depolarization  of  metal  surfaces  by  oxidizing  hydrogen. 

c.  Production  of  corrosive  hydrogen  sulfide. 

Figure  4  shows  the  bacterially-moderated  corrosion  scheme  postulated  by  Zajic 
(1969). 

53.  Bactericides  have  been  widely  used  to  control  microbial  effects  in 
petroleum  storage.  Most  of  these  compounds  dissolve  in  the  petroleum  product 
but,  move  into  any  aqueous  phases  associated  with  the  stored  material.  Many 
compounds  have  been  found  to  have  suitable  antimicrobial  activity.  Diamines 
and  polychlorinated  phenolic  compounds  have  been  particularly  useful.  All  of 
these  compounds  poison  contacting  water  to  inhibit  microbial  growth. 
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Figure  4.  Schematic  diagram  showing  reactions 
involved  in  bacterially  moderated 
corrosion  of  iron. 
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54.  No  data  are  available  in  the  literature  on  long-term  stability  of 
the  bactericides.  Generally  these  materials  would  be  deactivated  by  absorp¬ 
tion  on  particulates  or  oxidation.  Testing  of  bactericides  for  use  in  long¬ 
term  storage  would  be  required. 


Corrosion 


55.  Corrosion  is  the  general  term  for  degradation  of  metal  parts  due  to 
chemical  or  electrochemical  attack.  Weak  acids  in  petroleum  may  produce  direct 
chemical  attack  or  where  water  is  present;  a  corrosion  cell  will  form.  Fig¬ 
ure  5  shows  a  typical  corrosion  cell  as  postulated  by  Zajic  (1969). 

56.  Additives  have  been  prepared  for  stored  oil  products  that  limit 
corrosion  by  coating  the  sides  of  storage  vessels  or  piping  to  isolate  them 
from  water,  organic  acids  or  hydrogen  sulfide.  These  additives  are  primarily 
organic  compounds  with  a  strong  affinity  for  metal  surfaces.  Anticorrosive 
additives  can  be  lost  by  adsorption  to  surrounding  surfaces ,  oxidation  and 
bacterial  degradation. 

57.  No  data  are  available  on  long-term  usefulness  of  anticorrosion  ad¬ 
ditives.  These  materials  would  have  to  be  tested  for  effectiveness  and 
stability  before  their  incorporation  in  storage  planning. 
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WATER 


Figure  5.  Schematic  diagram  showing  reactions 
involved  in  corrosion  of  iron. 
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PART  IV:  SELECTED  ADDITIVE  EFFECTS 

58.  The  following  tables  (4-7)  list  the  specific  additives  recommended 
by  the  indicated  distributors  of  petroleum  product  additives.  The  material 
presented  represents  a  compilation  of  data  from  distributor  literature  and 
communication  with  manufacturer's  representatives.  A  complete  set  of  product 
descriptions  and  applications  (Appendix  A,  parts  1  through  4)  covers  a  multitude 
of  applications  and  producer  blends.  Also  included  in  Appendix  A  are  price 
guidelines  from  two  distributors.  The  general  availability  of  prices  was 
limited  due  to  constant  revisions  or  price  list  preparation  by  distributors. 

The  list  of  contacts  (Appendix  B)  is  provided  for  acquisition  of  current  costs. 
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Treatment  Rate  for  Ethyl  Corporation  Additives 
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NOTE:  Dosages  in  pounds  per  1000  Bbls  unless  otherwise  stated.  A/0  »  Antioxidant.  NA  =  Not  Applicable. 
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NOTE:  All  dosages  in  pounds  per  1000  bbls  unless  otherwise  stated. 
A/0  -  Antioxidant. 

*  Not  practical. 
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PART  V:  EVALUATION 

59.  Long-term  storage  of  petroleum  distillates  has  been  accomplished  in 
the  United  States  and  various  foreign  countries.  The  successful  storage  of 
such  materials  for  periods  of  up  to  10  years  indicated  longer  storage  is 
possible.  Such  storage  requires  proper  specification  of  products,  product 
compatability,  monitoring  and  use  of  additives  which  retard  oxidation,  sediment 
accumulation,  biological  activity,  and  polymerization. 

60.  Additives  chemistry  and  variations  in  crude  and  petroleum  product 
composition  make  generalizations  about  applications  to  long-term  storage  dif¬ 
ficult.  Many  additives  are  appropriate  for  a  general  category  of  products, 
but  may  require  actual  laboratory  testing  to  confirm  capatability  with  specific 
products  of  mixtures  of  products. 

61.  Short-term  usage  of  the  additives  in  present  storage  facilities  does 
not  necessitate  monitoring.  Long-term  storage  with  mixing,  pumping,  and  heating 
adds  additional  variables  whose  effects  cannot  be  predicted;  therefore  exten¬ 
sive  testing  and  monitoring  will  be  required.  Petroleum  products,  additives, 
and  handling  techniques  will  continually  modify  the  system  and  thereby  inter¬ 
actions  within  the  system. 

62.  Products  additives  that  have  been  tested  for  short-term  storage  are 
available.  Based  on  their  usefulness  in  improving  storage  stability,  it  is 
advantageous  to  pursue  a  testing  and  evaluation  program  to  see  if  products 
such  as  those  listed  in  this  reports  (or  modifications  of  these  materials) 
would  be  effective  in  a  long-term  storage  program. 
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PART  VI:  CONCLUSIONS  AND  RECOMMENDATIONS 

63.  Long-term  (over  15  years  duration)  bulk  storage  of  crude  oil  and 
petroleum  products  is  a  new  operation  and  experience  is  limited.  Crude  oil  has 
been  held  in  storage  for  up  to  10  years  in  Sweden;  but  this  was  live  storage 
with  crude  being  constantly  added  and  removed.  Finished  products  have  rarely 
been  stored  for  more  than  two  years;  six-month  storage  time  is  typical. 

64.  The  use  of  any  additives  depends  very  strongly  on  the  complete 
storage  plan.  If  the  stored  material  is  a  product  destined  for  immediate  use 
(such  as  kerosine  or  fuel  oil) ,  rather  than  a  refinery  feedstock  (such  as  crude 
oil  or  naphtha)  then  any  gum  or  emulsion  formation  is  extremely  detrimental. 

If  the  material  is  going  to  be  refined,  some  introduction  of  additional  im¬ 
purities  can  be  tolerated. 

65.  If  the  storage  system  calls  for  using  rock-wall  cavities,  addition 
of  anticorrosive  agents  may  be  necessary  only  when  the  material  is  pipelined 
out  of  storage. 

66.  Continual  application  of  dispersants  to  fuel  in  storage  may  not  be 
useful  if  the  storage  system  has  provisions  for  removing  tank  bottom  sludges 
and  cleaning  the  product  being  withdrawn.  If  heating  and  pumping  of  storage 
material  is  being  considered,  it  should  be  noted  that  dispersants  can  cause 
emulsions  when  the  petroleum  and  small  amounts  of  water  are  mixed. 

67.  If  the  stored  material  is  to  be  maintained  at  a  uniform  temperature, 
cold  flow  improvers  may  not  be  useful;  but,  provision  may  be  made  for  adding 
these  materials  during  emergency  heating  shutdowns  or  at  the  time  of  withdrawal 
(if  pipeline  temperatures  are  low). 

68.  Monitoring  of  the  effectiveness  and  stability  of  any  additions  used 
will  be  a  necessity  in  any  storage  program.  The  storage  and  volumes  of  material 
involved  are  so  far  beyond  the  scale  of  existing  additive  applications  that 
testing  and  stability  prediction  systems  now  developed  may  not  be  dependable. 

69 .  Experience  to  date  with  the  additives  reviewed  in  this  report  has 
shown  that  they  are  useful  and  stable  in  normal  small-scale,  short-duration 

(  6  months)  storage.  There  is  no  major  reason  that  additive  manufacturer's 
have  discovered  for  not  assuming  the  materials  will  be  as  effective  in  protect¬ 
ing  petroleum  products  or  feedstock  for  10  to  20  years.  If  additives  are  to  be 
employed,  new  testing  procedures  (such  as  new  accelerated  aging  of  petroleum 
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products  tests)  or  modifications  of  existing  accelerated  testing  procedures 
will  be  needed. 

70.  From  the  review  of  petroleum  additives  undertaken  in  this  report  it 
can  be  concluded  that: 

a.  Many  potentially  useful  petroleum  additives  exist  and  the  selec¬ 
tion  of  which  types  to  employ  depends  on  the  complete  storage  plan. 

b.  Present  experience  and  accelerated  testing  procedures  are  in¬ 
adequate  to  predict  the  behavior  of  additives  for  the  scale  and  time  duration 
involved  in  a  regional  petroleum  reserve,  therefore  any  storage  program  must 
include  a  comprehensive  monitoring  program. 

c.  Experience  with  additives  that  are  currently  marketed  is  such 
that  no  new  development  of  additives  would  seem  to  be  necessary;  but,  extensive 
testing  of  additives  and  development  of  new  testing  procedures  to  duplicate 
long-term  storage  conditions  may  be  required. 
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APPENDIX  A 
PART  1 

Dupont  Corporation 


A-l 


OR-MZS-O  «CV.  Ut 


■i*  .  .  H'- 

UTAMJSHKO  1402 


E.  I.  du  Pont  de  Nemours  5»  Company 

IMCOMPOftATVO 

Petroleum  Laboratory 

WILMINGTON.  DELAWARE  19898 


cc:  A.  J.  Pahnke 


Telephone 

Area  Code  SM-2M-9000 


(Ext.  2638) 


March  28,  1980 


Mr.  Robert  J.  Larson 
US  AE-WES  EE 
P.  0.  Box  631 
Vicksburg,  MS  39180 


Bob, 


Find  enclosed  product  bulletins  as  follows: 


DCI-4A, 
DCI-6A, 
AO-35, 
AO-22, 
FOA-3 , 
DMD , 


corrosion  inhibitor,  recommended  for  jet  fuel; 
corrosion  inhibitor,  recommended  for  ground  fuels; 

antioxidant,  recommended  for  jet  fuel; 

antioxidant,  recommended  for  gasoline; 

antioxidant,  recommended  for  distillate  fuels;  and 

metal  deactivator,  recommended  for  any  of  the  above 
fuels. 


Our  corrosion  inhibitors  are  used  at  1-4  lb/1000  bbl 
in  gasoline  and  distillate  fuels  and  at  3-8  lb/1000  bbl  in  jet 
fuel.  Our  antioxidants  are  used  at  about  3-10  lb/1000  bbl  and 
DMD  is  used  at  h-2  lb/1000  bbl.  Additional  details  are  in  the 
product  bulletins. 


As  I  indicated  during  our  telephone  conversation,  we 
do  not  market  either  pour  point  depressants  or  jet  fuel  anti- 
icers. 


Please  call  me  after  you've  reviewed  this  informa¬ 
tion.  I'll  be  glad  to  provide  samples  and  have  our  prices 
sent  to  you. 

Very  truly  yours. 

Perry  Pols^^Supervisor 
Petroleum  Additives  Division 

PP/eaa 

Enclosures 


A- 2 


BETTER  THINGS  TOR  BETTER  LIVING  .  .  .  THROUGH  CHEM/STRV 


/ 


Petroleum  Chemicals 


PRODUCT 

SUMMARY 


PETROLEUM  ADDITIVES 
PRODUCT  LISTING 


ANTIKNOCK  COMPOUNDS 


PM  Antiknock:  A  liquid  antiknock  compound,  the  active 
component  of  which  is  a  physical  mixture  of  tetraethyl 
lead  and  tetramethyl  lead,  Several  mixtures  are  made  by 
changing  the  molar  percentages  of  the  different  lead 
alkyls.  These  mixtures  are  identified  by  the  molar  per¬ 
centage  of  the  tetramethyl  lead  which  is  present  in  the 
active  ingredient. 


Antiknock 
PM  10 
PM  25 
PM  50 
PM  75 


Molar  G  TML 
10 
25 
50 
75 


USE.  As  an  antiknock  agent  for  motor  gasolines.  CON¬ 
TAINERS:  Liter  cans:  10-  and  55-gal.  drums;  3000-.  6000- 
and  9600-gal.  tank  cars. 

Dilute'  PM  Antiknock:  A  liquid  solution  of  a  PM  anti¬ 
knock  in  a  mixture  of  70^ ■  xylene  and  30?r  n-heptane.  USE: 
For  PM  blending  of  gasolines  used  in  laboratory  engine 
testing.  CONTAINERS:  Liter  cans. 

TEL  Aviation  Antiknock:  A  liquid  antiknock  compound, 
the  principal  component  of  which  is  tetraethyl  lead 
'C;H-.',Pb.  USE:  As  an  antiknock  agent  for  aviation 
gasolines.  CONTAINERS:  Liter  cans;  10-  and  55-gal. 
drums:  3000-,  6000-.  and  9600-gal.  tank  cars. 

TEL  Motor  Antiknock:  A  liquid  antiknock  compound, 
the  principal  component  of  which  is  tetraethyl  lead 
'C.-H-.'.Pb.  USE:  As  an  antiknock  agent  for  motor  gasolines. 
CONTAINERS:  Liter  cans;  10-  and  55-gal.  drums;  3000-. 
6000- .  and  9600-gal.  tank  cars. 

Dilute*  TEL  Antiknock:  A  liquid  solution  of  either  TEL 
Motor  Antiknock  or  TEL  Aviation  Antiknock  in  a  mixture 
of  70*7  xylene  and  30^  n-heptane.  USE:  For  TEL  blending 
of  gasolines  used  in  laboratory  engine  testing.  <The  dilute 
TEL  Antiknock  made  from  TEL  Aviation  Antiknock  is  the 
approved  reference  material  for  ASTM  Research  and  Motor 
Knock  Test  Methods.)  CONTAINERS:  Liter  cans. 


Tetramix1  Antiknock:  A  liquid  antiknock  compound,  the 
active  component  of  which  is  a  redistribution  mixture  of 
tetraethyl  lead  and  tetramethyl  lead.  Several  redistribu¬ 
tion  mixtures  are  made  by  changing  the  molar  percentages 
of  the  different  lead  alkyls.  These  mixtures  are  identified 
by  the  molar  percentage  of  the  TML  used  in  the  reaction. 


Antiknock 
Tetramix  25 
Tetramix  50 
Tetramix  75 


Molar  Q  TML 
25 
50 
75 


USE:  As  an  antiknock  agent  for  motor  gasolines.  CON¬ 
TAINERS:  Liter  cans;  10-  and  55-gal.  drums;  3000-,  6000-. 
and  9600-gal.  tank  cars. 


Dilute*  Tetramix*  Antiknock:  A  liquid  solution  of  a 
Tetramix  Antiknock  in  a  mixture  of  70ri  xylene  and  30G 
n-heptane.  USE:  For  Tetramix  blending  of  gasolines  used 
in  laboratory  engine  testing.  CONTAINERS:  Liter  cans. 

TML  Antiknock:  A  liquid  antiknock  compound,  the  prin¬ 
cipal  component  of  which  is  tetramethyl  lead  'CH.i,  Pb. 
USE:  As  an  antiknock  agent  for  motor  gasolines.  CON¬ 
TAINERS:  Liter  cans;  10-  and  55-gal.  drums;  3000-.  6000-, 
and  9600-gal.  tank  cars. 

Dilute*  TML  Antiknock:  A  liquid  solution  of  TML  Anti¬ 
knock  in  a  mixture  of  70ri  xylene  and  30^  n-heptane.  USE: 
For  TML  blending  of  gasolines  used  in  laboratory  engine 
testing.  CONTAINERS:  Liter  cans. 

ANTIOXIDANTS 

Antioxidant  No.  22:  N,N'-di-sec.-butyl-p-phenylene- 
diamine  containing  no  solvent.  A  mobile  liquid  readily 
soluble  in  gasoline  in  all  proportions  and  at  operating  tem¬ 
peratures:  Sp.  Gr.  0.94.  USE:  To  sweeten  gasoline  and  re¬ 
tard  the  formation  of  gum  and  precipitation  of  antiknock 
compounds  in  gasoline.  CONCENTRATION:  1  to  20  lb/ 
M  bbl.  CONTAINERS:  55-gal.  ( 425-lb.  i  steel  drums,  tank 
cars  and  tank  trucks. 

Antioxidant  No.  23:  A  50'*  by  weight  active  ingredient, 
principally  N.N’-di-isopropyl-p-phenylenediamine.  in 
anhydrous  methanol.  Sp.  Gr.  39.  The  product  is  readily 
soluble  in  gasoline  at  normal  use  concentrations.  Aromatic 
gasolines  or  solvents  can  be  used  to  prepare  concentrated 
solutions.  USE:  For  inhibiting  the  oxidation  of  gasolines, 
catalyzing  the  sweetening  of  sour  blending  stocks,  and 
inhibiting  the  precipitation  of  antiknock  compounds  in 
gasoline.  CONCENTRATION:  1  to  20  IbAI  bbl.  CON¬ 
TAINERS:  55-gal.  1 397-lb. )  steel  drums,  tank  cars  and 
tank  trucks. 

Antioxidant  No.  23  Concentrate:  Principally  \.N'-di- 
isopropyl-p-phenyienediamine.  Reddish  crystals:  den¬ 
sity  at  157°F  '57°C):  0.92  Aromatic  gasolines  or  solvents 
can  be  used  to  prepare  concentrated  solutions.  USE:  For 
inhibiting  the  oxidation  of  gasolines,  catalyzing  the 
sweetening  of  sour  blending  stocks  and  inhibiting  the 
precipitation  of  antiknock  compounds  in  gasoline.  CON¬ 
CENTRATION:  1  to  15  lb/M  bbl.  CONTAINERS:  Tank 
car  and  tank  truck  only. 

‘Dilute  solutions  are  available  in  two  mixtures  to  provide 
for  greater  accuracy  when  adding  small  volumes  of  the 
antiknock  to  gasolines  for  use  in  laboratory  engine  test¬ 
ing.  (1)  Gram  Basis:  2  ml  added  to  400  ml  of  gasoline  gives 
an  elemental  lead  content  of  2  grams  of  Pb  per  U.S.  gallon. 
<2i  Milliliter  Basis:  2  ml  added  to  400  ml  of  gasoline  gives 
the  same  elemental  lead  content  as  in  2  ml  of  TEL  per 
U.  S.  gallon. 


Antioxidant  No.  29: 2,6-Di-tert-butyl-4-methyl  phenol.  A 
light  colored,  finely  divided  solid:  non-coloring  and  readily 
soluble  in  oils;  bulk  density  0.61  g/cc.  USE:  In  turbine, 
transformer  and  hydraulic  oils,  waxes  and  greases  to  retard 
oxidation,  and  in  gasoline  to  reduce  the  formation  of  gum 
and  precipitation  of  antiknock  compounds.  CONCEN¬ 
TRATION:  2  to  20  lb/M  bbl.  CONTAINERS:  20-gal. 

■  100-lb.)  fiber  drums. 

Antioxidant  No.  30:  100%  alkylated  phenols,  principal 
active  ingredient— 2,4-dimethyf-6-tert-butylphenol  (97% 
minimum).  A  straw-colored  liquid,  readily  soluble  in 
gasolines  and  oils.  Sp.  Gr.  0.96.  USE:  In  turbine,  trans¬ 
former,  and  hydraulic  oils,  waxes  and  greases  to  retard 
oxidation,  and  in  gasolines  to  reduce  gum  formation  and 
precipitation  of  antiknock  compounds.  CONCENTRA¬ 
TION:  1  to  10  lb/M  bbl.  CONTAINERS:  55-gal.  (419-lb.) 
steel  drums,  tank  cars  and  tank  trucks. 

Antioxidant  No.  31: 100%  alkylated  phenols,  principally 

2.4- dimethyl-6-tert-butylphenol  (72%  minimum).  A 
yellow-colored  liquid,  readily  soluble  in  gasolines  and  oils. 
Sp.  Gr.  0.97.  USE:  In  turbine,  transformer,  and  hydraulic 
oils,  waxes,  and  greases  to  retard  oxidation,  and  in 
gasolines  to  reduce  gum  formation  and  precipitation  of 
antiknock  compounds.  CONCENTRATION.  1  to  10  lb/M 
bbl.  CONTAINERS:  55-gal.  (419-lb.)  steel  drums,  tank  cars 
and  tank  trucks. 

Antioxidant  No.  33: 100%  alkylated  phenols,  principally 

2.4- di-tert-butylphenol.  An  amber  liquid  readily  soluble  in 
gasolines  and  oils.  Sp.  Gr.  0.93.  USE:  In  turbine,  trans¬ 
former  and  hydraulic  oils,  waxes,  and  greases  to  retard 
oxidation,  and  in  gasolines  to  reduce  gum  formation  and 
precipitation  of  antiknock  compounds.  CONCENTRA¬ 
TION.  1  to  10  lb/M  bbl.  CONTAINERS:  55-gal.  <419-lb.» 
steel  drums,  tank  cars  and  tank  trucks. 

Antioxidant  No.  35:  100%  alkylated  phenols,  principally 
butylated  ethyl  phenols  and  butylated  methyl  and  di- 
methylphenols.  An  amber  liquid  readily  soluble  in  gaso¬ 
lines  and  oils.  Sp.  Gr.  0.96.  USE:  In  turbine,  transformer, 
and  hydraulic  oils,  waxes,  and  greases  to  retard  oxidation, 
and  in  gasolines  to  reduce  gum  formation  and  precipitation 
of  antiknock  compounds.  CONCENTRATION:  1  to  10  lb/ 
M  bbl.  CONTAINERS:  55-gal.  (419-lb.)  steel  drums,  tank 
cars  and  tank  trucks. 

DYES 

Hydrocarbon  soluble  dyes  for  imparting  distinctive  colors 
to  gasoline  and  other  petroleum  products.  Available  in 
flake,  powder  and  liquid  form. 

Oil  Blue  A:  Essentially  l,4-diusopropylamino)-anthra- 
quinone.  Solvent  Blue  36  Color  Index  61551.  Dry  form  in 
flakes  only. 

Oil  Blue  B  Liquid:  Anthraquinone  dye. 

Oil  Bronze:  A  blend  of  oil  red  and  oil  orange  dyes.  Dry  form 
in  both  powder  and  flakes. 

Oil  Bronze  Liquid:  Azo  dye. 

Oil  Bronze  Y  Liquid:  A20  dye. 

Oil  Bronze  No.  2  Liquid:  Azo  dye. 

Oil  Green  Liquid:  Azo  dye. 

Oil  Orange:  Essentially  phenylazo-2-naphthol.  Solvent 
Yellow  14  Color  Index  12055.  Dry  form  in  both  powder 
and  flakes. 

Oil  Orange  Liquid:  Azo  dye. 


Oil  Orange  B  Liquid:  Azo  dye. 

Oil  Orange  Y  Liquid:  Derivative  of  azoresorcinol  dye. 

Oil  Orange  YR  Liquid:  Derivative  of  azoresorcinol  ana 
azobenzene-azonaphthol  dye. 

Oil  Purple  Liquid:  Azo  dye. 

Oil  Red:  Essentially  methyl  derivatives  of  azobenzene- 
4-azo-2-naphthol.  Solvent  Red  24  Color  Index  26105.  Dry 
form  in  both  powder  and  flakes. 

Oil  Red  A:  Essentially  methyl  derivatives  of  azobenzene 
4-azo-2-naphthol.  Slightly  stronger  and  bluer  than  Oil  Red. 
Dry  form  in  both  powder  and  flakes. 

Oil  Red  B  Liquid:  Azo  dye. 

Oil  Red  BT  Liquid:  Azo  dye. 

Oil  Red  G  Liquid:  Azo  dye. 

Oil  Yellow  Liquid:  Azo  dye. 

Oil  Yellow  NB:  Essentially  p-diethylaminoazobenzene. 
Dry  form  in  pellets. 

Oil  Color  IA,  Oil  Color  IAR  (Identification  Agents): 
Proprietary.  Used  for  identification  purposes.  Dry  powder 
colors:  blue  and  red,  respectively. 

CONTAINERS:  Dry  forms:  100-lb.  met)  fiber  drums.  Liq¬ 
uid  form:  240-lb.  met)  30-gal.  steel  drums,  tank  cars  and 
tank  trucks. 

FUEL  OIL  ADDITIVES 

Fuel  Oil  Additive  No.  2:  50%  methacrylate  polymer  am 
50%  kerosine.  A  viscous,  amber,  ashless  liquid.  Miscible  it* 
No.  2  fuel  oil  in  all  proportions.  Sp.  Gr.  0.89.  USE:  To  retard 
the  formation  of  insoluble  residues  in  heating  oils,  diesel 
fuels  and  similar  products.  Also  functions  as  a  dispersant  to 
keep  any  sludge  which  is  already  present,  or  which  may 
form,  in  small  particles  which  will  pass  through  filters  and 
screens  CONCENTRATION:  10  to  30  lb/M  bbl.  CON¬ 
TAINERS:  55-gal.  1 397 -lb.i  steel  drums,  tank  cars  and 
tank  trucks. 

Fuel  Oil  Additive  No.  3:  A  complex  amine,  clear,  straw- 
colored  liquid.  Sp.  Gr.  0.86.  USE:  An  ashless  antioxidant 
and  color  stabilizer  for  burner  and  diesel  fuels.  Broader 
properties  obtained  by  blending  with  metal  deactivator  or 
Fuel  Oil  Additive  No.  2.  CONCENTRATION:  1  to  20  lb/ 
M  bbl.  CONTAINERS:  55-gal.  (386-lb.)  steel  drums,  tank 
cars  and  tank  trucks. 

Fuel  Oil  Additives  No.  II  and  No.  12:  Combinations  of 
FOA-2,  FOA-3  and  DMD.  Light  amber,  ashless  liquid.  Mis¬ 
cible  in  fuel  oil  in  all  proportions.  Sp.  Gr.  0.88-0.89.  USE: 
For  fuel  and  diesel  oils  to  impart  antioxidant  and  color 
stabilizing  properties  along  with  dispersant  and  metal  deac¬ 
tivation.  FOA-12  has  greater  dispersancy  than  FOA-11. 
Similarly,  FOA-11  has  better  antioxidant  properties  than 
FOA-12.  CONCENTRATION:  5  to  30  lb/M  bbl.  CON¬ 
TAINERS:  55-gal.  (397-lb .»  steel  drums,  tank  cars  and 
tank  trucks. 

Fuel  Oil  Additive  No.  14:  Mixture  of  polymer  and  organic 
amines.  Ashless,  light  amber  liquid.  Sp.  Gr.  0.87.  Miscible' 
in  fuel  oil  in  all  proportions.  USE:  For  fuel  and  diesel  oils  to 
impart  antioxidant,  dispersant  properties,  metal  deactiva¬ 
tion,  and  color  stability  while  improving  the  water  emul¬ 
sion  and  haze  resistance  of  burner  and  diesel  fuel  oils. 
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CONCENTRATION:  5  to  30  Ib/M  bbl.  CONTAINERS: 
35-gal.  '397-lb  1  stevl  drums,  tank  cars  and  tank  trucks. 

Fuel  Oil  Additive  No.  15:  Mixture  of  polymeis  and  or¬ 
ganic  amines.  Amber  colored  liquid.  Miscible  in  fuel  oils. 
Sp  Or  0  90.  CSK  Multifunctional  additive  to  impart  to 
fuel  oil.-  rust  inhibition,  dispersuncy.  antioxidant  prop¬ 
erties.  color  stability  and  metal  deactivation.  CONCEN¬ 
TRATION:  5  to  30  Ib/M  bbl.  CONTAINERS:  55-gal. 
■  397-lb. i  steel  drums,  tank  cars  and  tank  trucks. 

Fuel  Oil  Additives  No.  208  and  No.  212:  A  mixture  of 
-Fuel  Oil  Additive  No.  2  and  metal  deactivator.  USE:  Same 
as  Fuel  Oil  Additive  No.  2.  CONTAINERS:  55-gal.  (419-lb.) 
steel  drums,  tank  cars  and  tank  trucks. 

Fuel  Oil  Additive  No.  310:  Amber,  ashless  liquid.  Misci¬ 
ble  in  all  proportions.  Sp.  Gr.  0.86.  USE:  For  fuel  and  diesel 
oils.  Imparts  antioxidant  and  color  stabilizing  properties 
along  with  metal  deactivation.  CONCENTRATION:  1  to 
20  Ib/M  bbl.  CONTAINERS:  55-gal.  (386-lb.)  steel  drums, 
tank  cars  and  tank  trucks. 

Fuel  Oil  Additive  No.  405:  Amber,  ashless  liquid.  Misci¬ 
ble  in  all  proportions.  Sp.  Gr.  0.91.  USE:  For  fuel  and  diesel 
oils.  Imparts  antioxidant  and  color  stabilizing  properties, 
corrosion  inhibition  and  metal  deactivation.  CONCEN¬ 
TRATION:  2  to  8  Ib/M  bbl.  CONTAINERS:  55-gal.  (410-lb.  i 
steel  drums,  tank  cars  and  tank  trucks. 

Fuel  Oil  Additive  No.  937:  A  dehaze  agent  for  breaking 
water/oil  emulsions  Sp.  Gr.  0.85.  USE:  For  fuel  and  diesel 
oils.  CONCENTRATION:  1  to  3  Ib/M  bbl.  CONTAINERS: 
55-gal.  < 390-lb. ■  steel  drums. 

MHFA-1  Marine  Heavy  Fuel  Oil  Additive  No.  1: 
An  ashless  polymeric  combination  of  several  completely 
organic  compounds  in  kerosine.  A  clear,  yellow  liquid. 
Sp.  Gr.  0.86.  USE:  To  inhibit  sludge  formation  and  remove 
sludge  deposit#  which  cause  filter  clogging,  fouled  heat 
exchangers,  etc.,  thereby  providing  fewer  operating  inter¬ 
ruptions  and  reduced  maintenance  costs.  Used  also  in 
diesel  fuels  to  avoid  injector  sticking  and  filter  plugging 
problems.  CONCENTRATION:  0.5  to  5.0  pints/M  gallons 
of  fuel.  CONTAINERS:  55-gal.  i3S6-lb.)  steel  drums. 

Stadis  *  125  Conductivity  Improver:  A  nonmetallic,  low 
viscosity,  clear  amber  liquid.  Sp.  Gr.  0.90.  USE:  Improves 
conductivity  to  reduce  electrostatic  hazards  during  trans¬ 
fers  of  distillate  fuels  without  affecting  fuel  stability  or 
water  contact  properties.  CONCENTRATION:  0.5  to  5.6  lb/ 
M  bbl.  results  in  a  recommended  conductivity  of  50  c.u.  or 
more  CONTAINERS:  55-gal.  < 397-lb.  *  steel  drums,  tank 
cars  and  tank  truck#. 

Stadis1  450  Conductivity  Improver:  A  nonmetallic.  low 
viscosity,  clear  amber  liquid.  Sp.  Gr.  0.90.  USE;  Improves 
conductivity  to  reduce  electrostatic  hazards  during  trans¬ 
fers  of  distillate  and  jet  fuels  without  affecting  fuel  stability 
or  water  contact  properties.  CONCENTRATION:  0.1  to  1.01b/ 
M  bbl.  CONTAINERS:  55-gal.  < 410-lb. i  steel  drums,  tank 
cars  and  tank  trucks. 

GASOLINE  ADDITIVES,  MULTIFUNCTIONAL 

DMA-4  (Multifunctional  Additive):  An  80  weight  per¬ 
cent  solution  oi  .ilkylaminoaikylphosphate  in  kerosine. 
Clear,  nearly  colorless,  light  viscosity  liquid.  Sp.  Gr.  0.92. 


USE:  An  additive  for  gasolines  to  eliminate  carburetor 
icing,  provide  carburetor  detergency,  prevent  rusting,  con¬ 
trol  exhaust  emission  levels  and  provide  better  emission 
system  operation.  CONCENTRATION:  5.0  to  30  Ib/M  bbl. 
Antirust  properties  can  be  obtained  with  concentration  as 
low  as  0.5  Ib/M  bbl.  CONTAINERS:  55-gal.  '4 10-lb. i  steel 
drums,  tank  cars  and  tank  trucks. 

DMA-4A  (Multifunctional  Additive):  Same  active  in¬ 
gredient  as^QMA-4,  but  contains  20C  methanol  solvent 
rather  than  20C  kerosine  used  in  DMA-4.  Provides  excel¬ 
lent  low-temperature  handling  properties  and  is  compati¬ 
ble  with  antipre-ignition  additives.  Clear,  nearly  colorless, 
light  viscosity  liquid.  Typical  Sp.  Gr.  0.92.  CONCENTRA¬ 
TION:  Same  as  DMA-4.  CONTAINERS:  55-gal  (410-lb.  i 
steel  drums,  tank  cars  and  tank  trucks. 

DMA-50  (Non-Phosphorus  Multifunctional  Additive): 
Clear,  amber  liquid.  Typical  Sp.  Gr.  0.91.  USE.  In  gasoline 
where  carburetor  detergency  and  emissions  control  are 
desired  benefits.  Antirust  and  some  carburetor  anti-icing 
benefits  are  also  obtained.  CONCENTRATION:  5  to  12  lb/ 
M  bbl.  CONTAINERS:  55-gal.  (410-lb.  i  steel  drums,  tank 
cars  and  tank  trucks. 

DMA-54  (Non-Phosphorus  Multifunctional  Additive 
Containing  An  Antirust  Additive):  In  addition  to  de¬ 
tergency  and  rust  protection,  it  provides  carburetor  icing 
protection,  fuel  line  freeze  protection  and  aids  in  con¬ 
trolling  exhaust  emissions.  Clear  amber  liquid.  Typical 
Sp.  Gr.  0.92.  CONCENTRATION:  5  to  12  lb/M  bbl. 
CONTAINERS:  55-gal.  (41t-lb.)  steel  drums,  tank  cars 
and  tank  trucks. 

DMA-55  and  DMA-56  (Non-Phosphorus  Multifunc¬ 
tional  Additives  Containing  An  Antirust  Additive): 
Clear  amber  liquid.  Sp.  Gr.  0.91.  USE:  Imparts  carburetor 
icing  protection,  fuel  line  freeze  protection,  detergency, 
rust  protection  and  aids  in  controlling  exhaust  emissions. 
CONCENTRATION:  5  to  10  lb/M  bbl.  CONTAINERS: 
55-gal.  '410-lb.  i  steel  drums,  tank  cars  and  tank  trucks. 

DMA-115  (Multifunctional  Additive):  A  polymer  plus 
an  amine-neutralized  phosphate  provides  carburetor 
clean-up.  keep-clean  detergency,  rust  protection,  emission 
control,  and  icing  stall  protection.  Sp.  Gr.  0.90.  Recom¬ 
mended  dosage  is  107.5  lb/M  bbl.  CONTAINERS'.  55-gal. 
(410-lb.  i  steel  drums,  tank  cars  and  tank  trucks. 

LUBRICATING  OIL  AND  GREASE  AODITIVES 

Lube  Oil  Additive  565:  A  light  neutral  oil  solution  of 
methacrylate  polymers  in  a  viscous,  ashless,  liquid  form 
completely  miscible  in  oil  in  all  proportions.  Possesses  de¬ 
tergent  properties  and  viscosity  improving  ability.  USE:  A 
dispersant  in  crankcase  oils,  particularly  under  low  duty 
or  low  engine  temperature  operation.  CONCENTRATION: 
Normal  range,  2.0  to  3.0  weight  percent:  wide  range.  10  to 
6.0  weight  percent.  CONTAINERS:  55-gal.  ( 397 -lb. )  steel 
drums,  tank  cars  and  tank  trucks. 

Ortholeum*  162  Lubricant  Assistant:  Light  brown 
viscous  liquid:  freezing  point  about  53°F.  Sp  Gr.  0.99. 
Miscible  with  oi)  in  all  proportions.  USE:  In  oils  to  im¬ 
prove  film  strength  and  wear  reduction  and  to  impart 
mild  rust  preventative  properties.  CONCENTRATION: 
0.5  to  5.0  weight  percent.  CONTAINERS:  55-gal.  '452-lb. > 
steel  drums. 


Ortholeum '  300  Grease  Stabilizer:  A  mixture  of  complex 
an  matic  amine#  which  provides  a  combination  of  anti- 
ex'  riant  and  metal  deactivator.  It  is  a  tan  to  brown  col- 
t.ivi.  flaked  product  USE:  As  a  stabilizer  for  greases 
Ci  'Nt’ENTRATION:  0  1  to  1.0';  by  weight.  CON¬ 
TAIN  EES:  51 -gal.  >  175-lb.  ■  fiber  drums. 

Ortholeum*  308  Stabilizer:  1.4  dihydroxyanthra- 
qu.r.one  A  brick-red  solid.  USE:  As  a  metal  deactivator  in 
ho-.:-,  synthetic  and  mineral  base  lubricants  when  used  in 
cor.'unction  with  other  additives.  CONTAINERS:  30-gal. 
In '-ib  fiber  drums. 

Ortholeum*  535  Lubricant  Assistant:  A  clear  pale  yel¬ 
low  viscous  liquid.  Typical  Sp.  Gr.  0.95.  USE:  An  ashless 
additive  to  impart  antirust,  antiwear  and  mild  extreme 
pressure  properties  to  greases,  industrial  oils,  hydraulic 
oil-  and  metal  working  fluids.  CONCENTRATION:  0.05 
to  1.0*;  by  weight,  depending  upon  application.  CON¬ 
TAINERS:  55-gal.  ■  -430-lb. )  steel  drums. 

Ortholeum  *  2004.  2010,  2035,  and  2052  V.  I.  Improver: 
Solid  ethvlene/propvlene  polymers.  USE:  As  viscosity 
mcex  improvers.  CONCENTRATION:  Range  is  6  to  12'“;  by 
weight,  depending  upon  application.  CONTAINERS:  75-lb. 
bales  wrapped  with  6.0  mil  polyethylene. 

METAL  DEACTIVATORS 

Metal  Deactivator:  A  75S  solution  of  active  ingredient  in 
an  aromatic  solvent.  The  active  ingredient  is  principally 
N  N  -d: -alley hdene-1.2-propanediamine.  A  clear,  amber 
..  j  „:d.  Sp.  Gr.  1.08.  USE:  For  improving  storage  and  color 
-;!ity  of  petroleum  distillates  containing  dissolved  cop¬ 
ter  It  is  particularlv  useful  as  an  adjunct  to  Gasoline  Anti¬ 
ox.  iants  and  Fuel  Oil  Additive  No.  2.  CONCENTRATION: 
Va-.es  widely  with  application.  CONTAINERS:  30-gai. 
2-s'-ib.  and  55-gal.  1 483-lb. i  steel  drums,  tank  cars  and 
tar. trucks. 

Metal  Deactivator  No.  2:  A  SOG  solution  of  the  same 
act  ve  ingredient  as  in  Metal  Deactivator,  but  having  bet- 
tr:  .ow  temperature  properties.  Sp.  Gr.  0.99.  USE:  Same  as 
Metal  Deactivator.  CONTAINERS:  30-gal.  < 247-lb. >  and 
55-gal.  452-lb. i  steel  drums,  tank  cars  and  tank  trucks. 

Metal  Suppressor:  An  amber  colored  liquid.  50*7  alkyl 
at.d  -alts  of  a  complex  organic  amine.  50G  solvent.  USE: 
C"  .interacts  the  pro-oxidant  effect  of  copper  or  copper  al¬ 
loy-  and  thereby  increases  storage  stability  of  gasoline  and 


fuel  oil  exposed  to  such  surfaces.  CONCENTRATION  In 
gasolines.  0.5  to  4.0  lb/M  bbl.  In  electrical  oils  and  indus¬ 
trial  lubricants,  up  to  the  solubility  of  the  additive.  CON¬ 
TAINERS:  55-gal.  < 430-lb. •  steel  drums. 

SPECIAL  ADDITIVES 

Ocenol*  2  Antifoam  Additive:  Clear,  colorless  liquid 
with  typical  fatty  alcohol  odor:  Sp  Gr.  0.85.  USE:  Effec¬ 
tive  antifoaming  agents  in  petroleum  and  organic  bases 
such  as  mono-  and  diethanolamines.  CONCENTRATION: 
Varies  widely  with  the  application.  CONTAINERS:  55-gal. 
(386-lb.)  steel  drums. 

AFA-1:  80G-  alkylaminoalkyl  phosphate.  200  kerosine. 
Clear,  light  amber  slightly  viscous  liquid:  typical  Sp. 
Gr.  0.93.  CONCENTRATION:  I  to  20  lb/M  bbl.  CON¬ 
TAINERS:  55-gal.  '419-lb.1  steel  drums,  tank  cars  and 
tank  trucks. 

DCI-3*  Process  Corrosion  Inhibitor:  A  clear,  nearly 
colorless  liquid  of  light  viscosity:  typical  Sp.  Gr.  0.S4.  USE: 
To  control  corrosion  of  petroleum  refinery  processing 
units  in  the  presence  of  hydrocarbons  containing  wet  hv- 
drogen  sulfide.  CONCENTRATION:  1  to  5  lb/M  bbl.  CON¬ 
TAINERS:  55-gal.  '386-lb.  steel  drums,  tank  cars  and 
tank  trucks. 

DCI-4A:  A  nonphosphorus  corrosion  inhibitor  for  avia¬ 
tion  and  motor  gasolines,  jet  fuels  and  other  distillate  fuels. 
A  clear,  amber  liquid  with  tvpical  Sp.  Gr.  of  0  94.  CON¬ 
CENTRATION:  1  to  8  lb/M  bbl.  CONTAINERS:  55-gal. 
'419-lb. i  steel  drums,  tank  cars  and  tank  trucks 

DCI-6:  A  nonphosphorus  corrosion  inhibitor  for  motor 
gasolines  and  distillate  fuels.  A  clear,  amber  liquid. 
Sp.  Gr.  0.95.  CONCENTRATION:  1  to  10  lb/M  bbl.  CON¬ 
TAINERS:  55-gal.  •  419-lb.  steel  drums,  tank  cars  and 
tank  trucks. 

DCI-6A:  A  nonphosphorus  corrosion  inhibitor  for  motor 
gasoline  and  distillate  fuels.  Amber  liquid  Sp.  Gr  0.93. 
CONCENTRATION:  1  to  10  lb/M  bbl.  CONTAINERS: 
55-gal.  (419-lb.)  steel  drums,  tank  cars  and  tank  trucks. 

Rust  Preventative  No.  2:  S0G  solution  in  kerosine  of  an 
alkylaminoalkylphosphate.  A  straw  colored  liquid.  Sp.  Gr. 
0.93.  USE:  As  an  antirust  agent  in  petroleum  distillates  at 
concentrations  up  to  3  lb  M  bbl.  CONTAINERS:  55-gal. 
(419-lb.  I  steel  drums,  tank  cars  and  tank  trucks. 
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DU  PONT  FUEL  OIL  ADDITIVE  No.  2 


INTRODUCTION 


e 


Du  Pont  Fuel  Oil  Additive  No.  2  was  designed  specifically  to  improve 
the  performance  qualities  of  fuel  oils.  This  product  is  an  ashless  non-metal- 
containing  polymer  and  it  improves  the  stability  and  serviceability  of  fuels  by 
reducing  markedly  the  formation  of  insoluble  residues  and  sludges.  It  also 
serves  to  keep  insoluble  material  which  may  be  present  in  the  fuel  in  a  finely 
divided,  well  dispersed  and  harmless  state.  These  qualities  of  Du  Pont  FOA-2 
result  in  tangible  benefits  to  the  producers  and  consumers  of  fuel  oils  because 
they  mean  more  trouble-free  operation  of  fuel  handling  and  burning  equipment, 
lower  maintenance  costs,  improved  equipment  performance  and  greater  con¬ 
sumer  satisfaction. 

Du  Pont  FOA-2  has  been  used  with  outstanding  success  in  home  and  in¬ 
dustrial  heating  oils,  diesel  engine  fuels — particularly  those  used  by  the  rail¬ 
roads —  and  in  the  heavy  No.  5,  No.  6  and  Bunker  C  fuels.  In  these  applications 
FOA-2  has  not  only  been  effective  in  overcoming  problems  due  to  sludge  and  in¬ 
soluble  residues,  but  has  also  given  additional  benefits  such  as  minimizing 
incompatibility  problems  when  fuels  are  mixed,  reducing  the  sticking  of  diesel 
engine  injectors  and  reducing  deposits  on  oil  burner  nozzles  and  electrical  sys¬ 
tem  controls.  With  the  heavy  or  residual  fuels  which  contain  appreciable  amounts 
of  impurities  and  insoluble  matter,  this  additive  has  been  remarkably  effective  in 
preventing  filter-plugging  and  maintaining  fuel-system  cleanliness.  It  also  has 
been  valuable  in  removing  sludge  deposits  from  tanks  used  for  storing  heavy  fuel. 

Du  Pont  Fuel  Oil  Additive  No.  2  is  a  product  offering  advantages  which 
benefit  both  the  producers  and  the  consumers  of  distillate  and  residual  fuels. 
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COMPOSITION  AND  PROPERTIES 


Du  Pont  Fuel  Oil  Additive  No.  2  is  a  viscous,  light-amber  liquid  composed 
of  50  “  of  an  active  ingredient  in  kerosine.  The  active  ingredient  is  a  long-chain 
polymer  of  several  completely  organic  compounds.  They  are  combined  in  care¬ 
fully  tested  proportions  to  effect  the  optimum  balance  between  polar-active  a  .d  oil- 
soluble  groupings.  The  molecule  is  quite  large  and  varies  in  size  with  an  average 
molecular  weight  of  approximately  280,  000.  Typical  physical  properties  of  Du  Pont 
FOA-2  are  as  follows: 


Color,  ASTM  D  1500  .  2-1/2  ±  1/2 

Density,  ASTM  D  287 

g/ml  @  60F . 0.89 

pounds  per  gallon  @  60F . 7.4 

Ash,  Wt.  %,  ASTM  D  482 .  0.00 

Basic  Nitrogen  wt  % . 0.4 

Flash  Point 

Pensky  -  Martens  Closed  Tester,  ASTM  D  93  .  135F  (57.2  C) 

Tag  Closed  Tester,  ASTM  D  56  .  125F  (51.7  C) 

Tag  Open  -  Cup,  ASTM  D  1310 . 165F  (73.9  C) 

Cleveland  Open  Cup,  ASTM  D  92  .  170F  (76.7  C) 

Fire  Point,  F 

Cleveland  Open  Cup,  ASTM  D  92  .  175F  (79.5  C) 

Pour  Point,  F,  ASTM  D  97 . Below  -20F  (-28.9  C) 

Neutralization  Number  by  Titration,  ASTM  D  664 

Acid  Number  (mg  KOH/g  sample) . 0.2 

Base  Number  (Eqvt.  to  mg  KOH/g  sample) . 13.8 

Solubility 

in  Hydrocarbons . Completely  Miscible 

in  Water,  wt  % . Less  than  0. 01 

Viscosity,  ASTM  D  445  SUS  cs 

<2  OF  (-17.8  C) .  27,000  8,000 

@  32F  (0  C) .  11,100  2,400 

@  77F  (25. 0  C) .  3, 150  680 

@  100F  (37.8  C) .  1,855  400 

§  210F  (98.9  C) .  350  75 
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•  Viscosity  -  Reduction  by  Dilution 

Dilution  of  Du  Pont  Fuel  Oil  Additive  No.  2  with  distillate  fuels  or  aromatic 
solvents  will  greatly  lower  the  viscosity.  The  amount  of  the  viscosity  reduction  by 
dilution  with  kerosine  is  shown  in  the  following  Table.  v 


VISCOSITY  REDUCTION  BY  KEROSINE  DILUTION 

FOA-2 

Kerosine 

Viscosity  @  100  F 

Wt  % 

Wi  % 

« 

sus 

100 

0 

400 

IS  54 

73 

25 

132 

612 

50 

50 

34 

159 

25 

75 

S.  4 

53.  3 

0 

100 

1.385 

- 

•  Thermal  Stability 

At  normal  use  concentrations  in  fuel  oils  Du  Pont  FOA-2  has  excellent 
thermal  stability  and  can  withstand  temperatures  of  20u  F  for  prolonged  periods. 

Laboratory  tests  indicate  that  the  additive  itself  is  completely  stable  for 
long  periods  at  temperatures  up  to  150  F.  It  can  be  subjected  to  temperatures 
up  to  400  F  for  half  an  hour  without  any  loss  in  effectiveness.  At  500  F,  which  is 
above  the  initial  boiling  point  of  the  kerosine  solvent,  a  portion  of  the  solvent  will 
be  distilled  off  and  the  active  ingredient  will  start  to  depolymerize  into  monomers 
At  approximately  800  F,  the  product  decomposes  and  volatilizes. 

•  Emulsification  Properties 

Extensive  commercial  use  of  Du  Pont  Fuel  Oil  Additive  No.  2  has  demon¬ 
strated  that  no  emulsification  problems  will  be  encountered  under  normal  condi¬ 
tions.  However,  in  common  with  all  surface-active  agents,  the  additive,  when 
subjected  to  unusually  severe  agitation  with  water,  tends  to  form  water-in-oil 
emulsions  which  break  slowly.  This  is  evident  in  many  emulsification-tests  in 
(  the  laboratory. 
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The  pH  of  the  water  has  a  large  effect  on  emulsification  properties.  For 
example,  in  a  laboratory  test  similar  to  the  water  reaction  test  of  Method  3211. 
Fed.  Test  Spec.  VV-L-T91a.  a  fuel  containing  FOA-2  at  a  concentration  oi  2(i 
pounds  per  1,000  barrels  gave  the  following  results: 


pH  of  Water  Phase 

Minutes  for  Separation 

9 

Alkaline 

Less  than  5 

8 

k 

Less  than  5 

7 

-  Neutral 

Less  than  5 

6 

9 

5 

20 

t 

4 

Acid 

50 

3 

! 

75 

The  tendency  toward  emulsification  is  negligible  when  the  water  is  neutral 
or  slightly  alkaline  which  is  the  usual  field  service  condition.  In  the  laboratory, 
the  water  used  for  emulsification-tests,  even  though  distilled,  is  often  acidic  due 
to  dissolved  carbon  dioxide.  This  condition  can  lead  to  unrealistic  assumptions 
concerning  "field”  performance  of  fuels  containing  FOA-2. 


USE>CONCENTRATION 


The  quantity  of  additive  required  for  good  results  has  been  found  to  range  from 
5  to  60  lb  1000  bbl  (approximately  17  to  204  ppm)  depending  on  the  fuel  in  which  it  is 
used.  Normal  dosage  ranges  from  10  to  30  lb/1000  bbl  (approximately  34  to  102  ppm). 


ADDITION  OP  DU  PONT  FUEL  OIL  ADDITIVE  NO.  2 


•  Point  of  Addition 

Maximum  benefits  from  Du  Pont  Fuel  Oil  Additive  No.  2  are  obtained 
when  it  is  added  to  fuels  before  they  have  aged  appreciably.  The  addition  should 
be  made  as  soon  as  possible  after  any  entrained  water  that  is  present  in  the  fuel 
has  had  an  opportunity  to  settle. 
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•  Methods  of  Addition 


The  preferred  method  of  addition  is  continuous  injection  of  the  additive  to 
fuel  oil  in  the  proper  ratio  to  the  fuel  by  means  of  metering  pumps.  (See  diagram 
below.)  Control  of  the  output  rate  of  a  metering  puipg]  to  maintain  the  desired 
ratio  of  additive  flow,  is  usually  obtained  either  by 'manual  adjustments  on  the 
pump,  or  automatically  through  instruments.  An  automatic  setup,  often  described 
as  "flow-proportioning",  includes  a  flowmeter  on  the  oil  pipeline,  to  which  a  con¬ 
trol  instrument  responds  with  signals  to  a  device  at  the  pump  to  change  its  output. 
Alternate  devices  available  include  variable-speed  drives,  stroke-length  adjusters, 
and  timers  linked  with  a  solenoid  clutch  or  an  appropriate  3-way  valve. 

CONTINUOUS  METHOD  FOR  ADDING  FOA-2 


FUEL  Oil  OR  STORAGE  TANK 

NOTE:  Automatic,  flow-proportioning  control  systom  is  optionol,  but  rocommonded  if  fu«l  oil  flows  or*  varioblo. 


Another  method  of  adding  FOA-2  is  the  batch  method  which  is  particularly 
suited  to  treating  small  quantities  of  fuel  oil. 

0  Handling  in  Cold  Weather 

Regardless  of  which  of  these  addition  methods  is  used,  when  the  additive 
is  cold  its  viscosity  may  be  too  high  for  effective  transfer  and  metering.  To 
overcome  this  obstacle  the  product  can  be  handled  in  a  heated  enclosure  or  in 
equipment  provided  with  heating  elements.  Or,  stock  solutions  of  appropriate 
viscosity  can  be  prepared  by  diluting  Du  Pont  Fuel  Oil  Additive  No.  2  with  fuel 
oil  or  other  suitable  solvents.  These  stock  solutions  can  then  be  added  to  the 
fuel  oil  by  any  of  the  suggested  procedures. 

Under  some  conditions  it  may  also  be  advantageous  to  employ  stock 
solutions  when  small  quantities  of  the  additive  are  handled. 

More  detailed  information  on  these  addition  methods  and  handling  tech¬ 
niques  can  be  obtained  from  your  Du  Pont  representative. 


PERFORMANCE 


•  Insoluble  Residue  Formation  in  Fuels 

Although  the  problem  of  fuel  oil  instability  has  been  recognized  for  many 
years,  little  is  known  about  the  actual  mechanism  of  insoluble  residue  formation. 
The  deterioration  of  cracked  fuels  is  believed  generally  to  be  associated  with  ox¬ 
idation  and  the  formation  of  free  radicals.  Oxidation  occurs  first,  and  is  followed 
by  polymerizations  of  the  polar  or  non-hydrocarbon  constituents  of  the  fuel.  When 
these  polymerizations  reach  a  certain  point,  the  products  are  no  longer  soluble 
and  precipitate  from  the  fuel.  Various  investigators  have  shown  that  the  polar 
compounds  are  directly  connected  with  instability.  Some  research  workers  have 
removed  the  polar  compounds  and  thereby  stabilized  certain  fuels,  while  others, 
conversely,  have  promoted  insoluble  residue  formation  by  adding  to  fuels  selected 
sulfur  and  nitrogen-containing  compouds.  The  concentration  of  oxygen,  nitrogen 
and  sulfur  in  insoluble  residues  is  shown  in  the  following  Table,  and  compared  with 
the  typical  amount  of  these  elements  in  fuel  oils. 


ANALYSES  OF  INSOLUBLE  RESIDUES  OF  NO.  2  HEATING  OILS 


Element 

Carbon 
Hydrogen 
Sulfur  . 
Nitrogen 
Oxygen 
Ash  .  . 


Percent  by  Weight 
In  Fuel  In  Residue 

83-86  50-85 


12-15 


5-10 


.  0.1-2.  3 
0.  002-0.4 


1-8 
0.  5-6 


0.03-1.0 
0.01-0. 10 


6-30 

6-20 


In  the  past,  some  investigators  have  considered  soluble  gum  as  a  precursor 
of  insoluble  residues  and  have  postulated  that,  as  the  molecular  weight  has  increased, 
solubility  would  decrease.  However,  thorough  investigations  of  numerous  distillate 
fuels  of  many  types  have  never  shown  any  relationship  between  the  formation  of  solu¬ 
ble  gum  and  insoluble  residues.  It  is  generally  conceded  that  soluble  gums  have  not 
been  proved  to  have  any  relationship  to  commerical-use  problems  of  distillate  fuels. 

•  Theory  of  Additive  Performance 

Du  Pont  FOA-2  is  a  high  molecular  weight  polymer  that  combines  active 
polar  and  oil-soluble  groupings  in  a  carefully  balanced  relationship.  The  additive 
functions  by  reacting  with  non-hydrocarbon  constituents  of  the  fuel.  In  this  way,  it 
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prevents  or  retards  the  formation  of  insoluble  residue  by  preventing  the  continued 
polymerization  of  these  groups.  The  long  chain,  oil-soluble  portion  of  the  molecule 
protects  the  polar  constituent  from  further  reaction  and  solubilizes  the  total  com¬ 
pounds.  In  instances  of  some  residue  formation  occurring,  the  additive  prevents 
agglomerations  and  maintains  dispersion.  The  careful'  balance  and  relationship 
between  the  groupings  of  the  polymer  prevent  the  phenomena  of  "additive  slugging" 
wherein  an  additive  reacts  with  sufficient  insoluble  residue  to  be  pulled  out  of  solu¬ 
tion  and  actually  increase  the  amount  of  insoluble  residue. 

•  110  F  Storage 

The  stabilizing  effect  of  Du  Pont  FOA-2  can  be  determined  in  the  labo¬ 
ratory  by  means  of  mildly  accelerated  storage  tests.  A  temperature  of  110  F 
maintained  for  12  weeks  has  been  found  to  correlate  with  approximately  one  year 
of  bulk  storage  in  the  field  in  drums  or  tanks.  The  insoluble  residues  formed  in 
the  fuel  during  storage  are  determined  by  filtration.  FOA-2  in  these  tests,  as  in 
field  performance,  consistently  exhibits  an  ability  to  retard  or  reduce  the  insolu¬ 
ble  residue  formation,  and  to  produce  fuels  which  even  after  long  storage  are  in 
good  condition.  A  typical  set  of  results  on  one  fuel  are  shown  in  the  table  below. 

No  set  level  of  insoluble  residue  can  be  considered  as  a  positive  indica¬ 
tion  that  the  fuel  will  be  unsuitable  for  customer  use.  Many  refiners,  however, 
have  established  an  upper  limit  on  insoluble  residue  of  2  mg,  100  ml. 


EFFECT  OF  FOA-2  ON  S  ORAGE  STABILITY 
OF  A  NO.  2  FUEL  OIL  BLEND 


FOA-2  Concentration 
in  lb/ 1000  bbl 

0 

Weeks  Aged  (a  110  F 

3  6  9 

12 

Insoluble  Residue 

None 

0.  5 

1.7 

2.1 

2.9 

5.7 

mg  /TOO  ml 

15 

0. 5 

0.  9 

1. 5 

1.2 

3.  S 

30 

0.  5 

0.9 

1.2 

1.0 

0.  S 

Visible  Sediment 

None 

Nil 

SI.  Sed. 

SI. Sed.  Sed. 

Sed. 

15 

Nil 

Nil 

Nil 

SI  .Sed. 

Sed. 

30 

Nil 

Nil 

Nil 

Nil 

Nil 

ASTM  Color 

None 

3.5 

3.5 

4.0 

L4.5 

5.  0 

15 

3.5 

3.5 

4.0 

L4.5 

5. 0 

30 

3.5 

4.0 

L4.5 

L3.0 

5.0 

•  Electron  Microscope 

Du  Pont  Fuel  Oil  Additive  Mo.  2  has  the  ability  to  prevent  agglomeration 
of  residue  particles  and  keep  these  particles  dispersed  throughout  the  liquid  and 
in  small  size  so  that  they  will  pass  through  fine  orifices  or  screen  openings.  The 
electron  microscope  is  particularly  suitable  for  studying  the  shape  and  size  of 
residue  particles  from  a  fuel,  and  to  reveal  changes  in  them  as  the  fuel  is  pro¬ 
gressively  aged.  Some  typical  electron  photomicrographs,  obtained  from  a  fuel 
aged  with  and  without  FOA-2  are  shown  in  Figure  1. 


e 
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FIGURE  1 

FOA-2  MINIMIZES  THE  SIZE  OF  RESIDUE  PARTICLES 
FORMED  IN  FUEL  IN  110  F  STORAGE 
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Fuel  containing  20  lb.  FOA-2  1000  bbl. 


Fuel  without  additive 
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•  Carbon  Dispersancy  Test 


The  dispersancy  power  of  Du  Pont  FOA-2  is  also  shown  by  a  carbon 
dispersancy  test  in  which  carbon  black  is  suspended  in  kerosine.  Carbon  black 
is  similar  to  fuel  oil  residues  in  that  it  contains  polq^joxygen  and  sulfur  groups, 
and  the  particle  size  is  in  the  same  micron  range.  As  with  fuel  oil  sludge,  the 
cai-bon  black  will  be  suspended  by  FOA-2  for  long  periods  in  the  hydrocai'bon. 
An  example  of  this  is  shown  in  Figure  2. 


FIGURE  2 

FOA-2  SUSPENDS  CARBON  BLACK  IN  KEROSINE 


•  Accelerated  Tests 

Producers  and  consumers  often  employ  laboratory  tests  for  predicting 
the  storage  stability  characteristics  of  their  fuels.  Due  to  time  limitations  im¬ 
posed  by  modern  shipping  and  distribution  schedules,  these  tests  should  not 
require  more  than  24  hours,  and  should  be  capable  of  predicting  the  behavior  of 
fuels  for  varying  periods  of  time  up  to  several  years. 

Investigators  have  accelerated  the  aging  of  fuels,  using  numerous  methods 
such  as  heating  at  elevated  temperatures,  exposure  to  light,  and  contact  with 
oxygen.  In  addition,  various  metals  have  been  utilized  to  simulate  contacts  to 
which  fuels  might  normally  be  subjected  in  the  field.  The  result  has  been  the  very 
large  number  of  accelerated  test  techniques  in  use  today.  These  tests  are  useful 
and  serve  a  purpose,  but  are  usually  quite  specific.  The  accelerated  tests  can  be 
correlated  for  fuels  produced  from  constant  crude  oil  sources,  processing 


techniques  and  additive  types.  Under  such  conditions,  they  afford  a  norm  ol 
quality.  Unfortunately,  the  correlation  with  field  problems  must  be  redeveloped 
if  the  processing  method  or  the  additive  type  changes. 

Many  of  the  elevated  temperature  tests  have  been  referred  to  in  connection 
with  field  problems  associated  with  elevated  temperatures  such  as  nozzle-fouling 
and  injector-sticking.  These  tests  are  useful  in  that  connection  if  they  are  run 
after  a  period  of  storage  at  lower  temperature — such  as  110  F —  to  simulate 
actual  field  conditions. 

Over  13  years'  commercial  experience  has  proved  that  Du  Pont  FOA-2 
gives  outstanding  performance  in  actual  field  use. 


•  Incompatibility 

In  the  distribution  and  use  of  distillate  fuels,  it  is  almost  impossible  to 
keep  one  particular  fuel  oil  stock  completely  segregated  from  all  others.  Some¬ 
where,  either  in  the  refinery  tanks  themselves,  during  pipeline  shipment  and 
distributors'  handling,  or  finally  in  the  customers’  own  fuel  tanks,  some  mixing 
or  blending  with  other  fuels  occurs.  Under  these  conditions  many  fuel  oils, 
which  by  themselves  will  remain  stable  in  storage  for  long  periods  will,  when 
mixed  with  other  fuels,  produce  gummy  or  insoluble  deposits  which  give  trouble 
in  use.  This  characteristic  of  fuels  has  been  designated  as  incompatibility.  It 
is  believed  to  oe  due  largely  to  a  solubility  effect  and  partly  to  a  synergistic 
effect  of  harmful  constituents  present  in  the  different  fuels.  Several  compre¬ 
hensive  investigations  of  two  component  blends  of  fuel  oils  have  indicated  incom¬ 
patibility  in  approximately  fifty’  percent  of  the  blends.  Normally,  incompatability 
becomes  evident  during  storage,  but  sometimes  it  may  be  indicated  at  the  time 
blending  occurs,  by  color  changes  and  residue  formation. 

It  has  been  demonstrated  repeatedly  that  Du  Pont  Fuel  Oil  Additive  No.  2 
will  overcome  incompatibility.  It  has  shown  effective  performance  in  a  wide 
variety  of  fuel  blends  regardless  of  crude  source,  processing,  or  proportions  of 
the  components  blended.  Typical  data  showing  the  effect  of  FOA-2  in  preventing 
or  overcoming  incompatibility  are  shown  in  Figure  3.  Because  of  this  versatility, 
Du  Pont  FOA-2  is  considered  and  used  by  many  refiners  to  insure  that  their  fuel 
will  be  protected  against  sludging  w'hich  may  occur  in  handling  and  use  beyond 
their  control.  This  is  of  particular  importance  to  railroads  because  they  often 
purchase  their  fuel  from  many  different  suppliers. 
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FIGURE  3 

FOA-2  OVERCOMES  INCOMPATIBILITY  OF 
CAT-CRACKED,  STRAIGHT  RUN  BLENDS 


0  25  50  75  100 


Per  cent  Cat-Cracked  Component 


•  Color  Stability 

For  many  years  the  color  of  a  fuel  oil  has  been  considered  indicative  of 
its  quality  because  it  was  a  property  that  was  readily  apparent.  A  darkening  color 
was  believed  to  be  an  indication  of  residue  deposition  to  come  later.  Indeed,  there 
was  a  basis  in  fact  on  this  point  with  thermal  cracked  fuels  since  these  fuels  would 
darken  rapidly  and  prove  unstable  in  storage. 

However,  the  use  of  dispersant  additives  in  fuel  oils  to  improve  their  per¬ 
formance  has  completely  changed  this  concept,  since  dispersants  will  suspend  and 
partially  solubilize  siudges  which  would  otherwise  drop  out  of  the  fuel  and,  in  doing 
so,  cause  the  fuel  color  to  be  as  dark  as  the  uninhibited  fuel,  or  darker. 

Du  Pont  Fuel  Oil  Additive  No.  2  is  not  usually  considered  to  be  a  color  sta- 
blizer  under  ordinary  commercial  conditions.  In  certain  high  temperature  accel¬ 
erated  tests,  however,  high  dosages  of  the  additive  will  improve  the  color  of  the 
product. 
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•  Corrosion  Protection 


In  addition  to  its  action  in  improving  the  stability  of  fuels,  Du  Pont  Fuel 
Oil  Additive  Xo.  2  provides  some  corrosion  protection.  This  is  illustrated  in 
the  ASTM  Turbine  Oil  Rust  Test,  examples  of  which  are  shown  in  Figure  4. 


FIGURE  A 

FOA-2  PROVIDES  RUST  PROTECTION 
IN  ASTM  TURBINE  OIL  RUST  TEST 


Du  Pont  FOA-2  prevented  rust  formation  in  the  interiors  of  drums  used 
in  a  drum  storage  test  program.  Figure  •>  is  a  composite  photograph  of  the  in¬ 
teriors  of  two  drums,  one  of  which  contained  oil  with  FOA-2  and  the  other  un- 
stablized  oil.  Both  drums  were  opened  after  having  been  in  storage  for  7  1  2 
months.  Rusting  on  the  drum  interior  developed  mainly  above  the  surface  of  the 
oil  where  daily  variations  in  temperature  caused  water  vapor  condensation.  This 
rusting  was  reduced  by  the  use  of  the  additive. 
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When  greater  rust  protection  is  required  than  FOA-2  provides,  a  com¬ 
mercial  corrosion  inhibitor  may  be  used.  The  commercial  inhibitors  are 
compatible  with  the  Du  Pont  additive,  and  when  one  is  used  in  combination  with 
FOA-2,  less  of  the  corrosion  inhibitor  is  usually  needed. 


FIGURE  S 
FOA-2  REDUCES  RUSTING 
7!:  Months  Storage 


Fuel  F-18 


FOA-2  1000  bbl.  No  Additive 


•  Use  in  Combination  with  Secondary  Additives 

Du  Pont  Fuel  Oil  Additive  No.  2  may  be  used  with  other  dispersants  and 
antioxidants,  corrosion  inhibitors,  dyes  and  metal  deactivators  without  fear  of 
incompatibility.  Du  Pont  Metal  Deactivator  (DMD)  is  used  frequently  with 
Du  Pont  FOA-2  for  the  prevention  of  gel  formation.  The  gels  consist  mainly  of 
luel  oil  that  has  been  thickened  by  copper  mercaptides  and  they  may  cause  as 
much  trouble  in  fuel  systems  as  insoluble  residues.  These  gels  are  not.  how¬ 
ever.  related  to  the  insoluble  residues.  Du  Pont  Metal  Deactivator  prevents 
the  formation  of  copper  mercaptides  and  consequently  the  gels  do  not  form. 
Detailed  information  is  available  in  a  separate  brochure,  "Du  Pont  Metal 
Deactivator. " 
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COMMERCIAL  APPLICATIONS 


Home  Heating  Fuels 

Insoluble  residues  which  iorm  in  home  and  industrial  heating  fuel  oils, 
as  they  age,  can  combine  with  fuel  and  water  to  form  sludge.  These  sludges 
can  be  troublesome  in  fuel  tanks  and  throughout  fuel  systems  as  they  cause 
filter-plugging,  restriction  of  fuel  flow  and  contribute  to  nozzle-fouling. 
Burner  systems  having  low  feed  rates  and  small  nozzle  slots  are  particularly 
susceptible  to  operational  difficulties  due  to  sludge. 

Du  Pont  Fuel  Oil  Additive  No.  2  has  proved  to  be  highly  effective  in 
overcoming  field  sludge  problems.  Since  its  first  commercial  use  in  1931, 
FOA-2  has  been  used  in  over  one  and  a  half  billion  barrels  of  Xo.  2  distillate 
fuel  for  home  burner,  diesel  or  other  use.  Figure  6  shows  two  cotton  rope 
type  filters  from  a  large  scale  field  test  with  Du  Pont  FOA-2.  Dramatic  im¬ 
provement  in  filter  performance ,  when  the  additive  has  been  used,  has  been 
repeatedly  demonstrated. 


FIGURE  6 

FOA-2  RETARDS  FILTER  CLOGGING 


Untreated  Oil 
1,800  Gal.  Throughput 


With  30  lb.  FOA-2, 1000  bbl. 
1,800  Gal.  Throughput 


The  effectiveness  of  Du  Pont  Fuel  Oil  Additive  No.  2  has  been  shown  in 
bench  tests  using  a  commercial  pump  and  strainer  of  the  type  used  in  many  home 
burners.  In  these  tests,  additive  was  injected  into  the  fuel  either  before  or  alter 
many  months'  aging  in  a  drum,  and  the  fuel  then  circulated  through  a  Sundstrand 
screen.  The  anti-screen-clogging  effect  of  the  additive  is  shown  under  both  con¬ 
ditions  in  Figures  7  and  8. 


In  one  fuel  containing  FOA-2,  the  amount  of  insoluble  residue  formed, 
after  long  storage,  equalled  that  in  the  uninhibited  fuel.  However,  in  this  ease, 
the  additive  kept  the  sludge  particles  small  and  well  dispersed,  so  that  filtorabil- 
ity  was  greatly  improved  by  the  FOA-2.  See  evidence  of  this  in  Figure  0. 


FIGURE  9 

FOA-2  IMPROVES  FILTERABILITY  OF  FUEL  AFTER 
STORAGE  BY  DISPERSING  INSOLUBLE  RESIDUES 


4 


No  Additive 

Injoiubie  Residue  9.3  mg..  100  ml. 


With  30  lb.  FOA-2  1000  bbl. 
Insoluble  Residue  9.5  mg.,  100  ml. 


•  Diesel  Fuels 

Instability  has  been  a  universal  problem  with  the  diesel  fuels  containing 
cracked  components  and  has  manifested  itself  in  the  plugging  of  filters.  This 
occurs  during  locomotive  fueling  and  also  on  diesel  engines.  Instability  also  can 
lead  to  injector-sticking.  Incompatibility  of  fuels  has  been  one  of  the  major  sta¬ 
bility  problems  of  the  railroads  due  to  the  fact  that  a  wide  variety  of  fuel  blends 
are  used  and  that  some  locomotives  are  equipped  with  dual  fuel  systems  which 
supply  distillate  fuels  for  light-load  operation  and  residual  fuels  for  high  power 
outputs . 
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Diesel  fuel  troubles  due  to  incompatibility  and  instability  can  be  avoided 
by  the  use  of  FOA-2.  Millions  of  barrels  of  railroad  "economy"  diesel  fuels 
have  been  treated  with  FOA-2,  and  frequently  with  DMD,  the  latter  to  overcome 
the  detrimental  effects  of  copper  fuel  lines  and  bronze  filters.  The  favorable 
reception  of  FOA-2  in  diesel  fuels  was  due  to  its  remarkable  effectiveness,  as 
well  as  to  its  ashless  quality.  Being  an  ashless,  nonmeiallic  dispersant, 

Du  Pont  Fuel  Oil  Additive  No.  2  does  not  contribute  to  deposits.  An  example 
of  the  effectiveness  of  FOA-2  in  a  railroad  diesel  fuel  is  shown  in  Figure  10. 


FIGURE  IO 

FOA-2  RETARDS  FILTER  PLUGGING 
IN  DIESEL  LOCOMOTIVES 


NO  ADDITIVE 


WITH  FOA-2 


«  11 


:  --  M 


■*»  ^ 


5*"  ■  ». 


.J£l 


After  30  Days 
6,500  Miles 


After  68  Days 
15,500  Miles 


/ 


Du  Pont  Fuel  Oil  Additive  No.  2  is  also  notably  successful  in  preventing 
injector-sticking  due  to  varnish  and  sludge  formation  at  the  high  temperatures 
of  the  injector.  A  portion  of  the  excellent  performance  is  due  to  the  prevention 
of  filter  plugging  and  subsequent  "fuel  starvation"  at  tfye  injectors,  which  increase 
the  temperature  due  to  the  restricted  flow  of  fuel  far^ooling.  In  addition,  FQA-2 
minimizes  the  formation  of  varnish  at  high  temperatures.  This  is  shown  by  the 
data  below,  obtained  on  a  bench  injector- sticking  test  which  utilizes  a  unit  injector 
heated  to  400  F  as  a  small  fuel  pump. 


FOA-2  INHIBITS  DIESEL  INJECTOR-STICKING 


Fuels* 

Additive  Concentration 
lb/1000  bbl 

Hours  to  Sticking  in 
Bench  Injector  Test 

100  '  Cat.  Cracked 

None 

72 

30  lb  FOA-2 

>  180 

Economy  Diesel  A 

None 

32 

30  lb  FOA-2 

>  72** 

Economy  Diesel  B 

None 

24 

30  lb  FOA-2 

>  107** 

*  These  inhibited  fuels  also  contained  2  lb  DMD/1000  bbl 
**  Fuel  supply  exhausted 


•  Heat  Exchanger  Fouling 

Fouling  has  been  fairly  common  in  the  heat  exchangers  of  catalytic 
treaters  used  prior  to  catalytic  reforming  operations.  The  feed  pumped  through 
these  exchangers  is  subjected  to  temperatures  in  the  range  of  400-600  F  and 
pressures  of  100-300  psi  and  under  these  conditions,  the  unstable  compounds  in 
the  feed  are  deposited  on  the  tubes  of  the  exchanger.  Du  Pont  FOA-2  is  effective 
in  reducing  these  deposits.  The  effect  depends  on  the  feed  stocks  and  the  condi¬ 
tions  of  use. 

A  flow  diagram  of  a  typical  refinery  heat  exchanger  setup  in  which  FOA-2 
helped  overcome  fouling  is  shown  in  Figure  11. 
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FIGURE  11 


FOA-2  MINIMIZES  HEAT  EXCHANGER  FOULING 


•  Residual  Fuels 

The  beneficial  effects  of  Du  Pont  Fuel  Oil  Additive  No.  2  are  not  limited 
to  distillate  tuels.  Marked  improvements  in  the  performance  of  heavy  fuels  can 
be  obtained  through  the  use  of  this  additive. 

Heavy  fuels  such  as  N'o.  3,  No.  6  and  Bunker  C,  represent  a  large  portion 
of  the  fuel  oil  market.  These  fuels  retain  much  of  the  original  impurities  in  the 
crude  which  have  not  been  removed  during  the  refining  process.  Because  of  this, 
there  are  a  number  of  problems  such  as  tank  sludging,  strainer  and  heat  exchanger 
clogging,  and  burner  fouling  which  are  troublesome  to  the  consumer  of  these  fuels. 
Du  Pont  Fuel  Oil  Additive  Xo.  2  is  effective  in  overcoming  these  sludge  problems 
in  heavy  fuels.  In  many  instances,  expensive  shutdowns  and  maintenance  operations 
can  be  minimized  at  low  cost  through  the  use  of  this  additive. 
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FIGURE  12 

FOA-2  CLEANS  PREHEATERS  IN  HEAVY  FUEL  SYSTEMS 


rART 

x  AFTER 

OF 

6  MONTHS 

EST 

WITH 

20  LB.  FOA-2 

1000  BBL. 

Case  histories  of  the  successful  use  of  Du  Pont  FOA-2  in  residual 
fuels  are  available  in  a  separate  brochure.  Typical  of  the  so  is  the  improve¬ 
ment  effected  in  the  cleanliness  of  the  heavy  fuel  oil  preheater  shown  in 
Figure  12. 

It  is  of  particular  significance  that  the  sludge  removal  from  tanks, 
filters,  and  heat  exchangers,  brought  about  by  FOA-2  is  not  accompanied 
by  increased  or  aggravated  sludging  problems  at  other  points  in  the  fuel 
system. 


PRECAUTIONS  IN  HANDLING 


Tests  on  animals  show  that  Du  Pont  Fuel  Oil  Additive  No.  2  has  an 
acute  oral  toxicity  approximately  equal  to  kerosine.  The  product  is  only 
slightly  more  irritating  to  the  skin  than  kerosine,  which  is  used  as  a  dil¬ 
uent.  No  special  precautions  are  required  in  handling. 


SHIPPING  INFORMATION 


The  standard  package  for  FOA-2  is  a  non-returnable  33-gallon  steel  drum 
containing  375  lb  net  and  having  a  tare  weight  of  50  lb.  Drum  shipments  are  made 
from  Deepwater,  New  Jersey,  and  the  following  warehouses: 

Billings,  Montana  Kansas  City,  Missouri 

Chicago,  Illinois  Los  Angeles,  California 

Mt.  Vernon,  Washington  Houston,  Texas 

Amounts  smaller  than  the  standard  package  are  available  upon  request.  Bulk  ship¬ 
ments  are  available  by  tank  car  or  tank  truck  from  Deepwater,  New  Jersey. 
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FUEL  OIL  ADDITIVE  No.  11 

Fuel  Oil  Additive  No.  11  (FOA-11)  combines  the  outstanding  antioxidant  and  color-stabilizing 
properties  of  FOA-3.  the  excellent  detergency  and  dispersancy  of  FOA-2,  and  the  metal  deactivating 
properties  of  Du  Pont  Metal  Deactivator  in  one  ashless,  easily-handled  product. 

USE  CONCENTRATIONS 

Recommended  use  concentrations  for  FOA-1 1  will  vary  with  the  fuel  and  the  performance 
requirements.  It  is  expected  that  the  concentration  will  be  from  5  to  30  lb/ 1 000  bbl  (18  to  105  ppm) 
of  fuel  oil  or  diesel  fuel. 

PHYSICAL  PROPERTIES 

FOA-1  I  is  an  amber  colored  liquid  having  an  amine  odor  and  is  characterized  by  the  following  typical 


properties: 

Specific  Gravity,  60/60  F(16  C) 

0.88 

Pounds  per  gallon,  60  F  ( 16  C) 

7.3 

Ash,  wt. 

0.00 

Color.  A  STM 

L2.5 

Flash  Point 

Tag  Open  Cup 

120  F (49  O 

Cleveland  Open  Cup 

140  F  (60  C) 

Pensky-Martens  Closed  Cup 

1 10  F (43  C) 

Fire  Point 

Cleveland  Open  Cup 

140  F (60  O 

Pour  Point 

-55  F (-48  C) 

Base  Number  (TBN-E).  mg  KOH/g 

130 

Acid  Number  (TAN-E),  mg  KOH/g 

0.07 

Solubility  in  Kerosine 

Completely  soluble 

Solubility  in  No.  2  Fuel  Oils 

Completely  soluble 

Solubility  in  Jet  Fuels 

Completely  soluble 

Viscosity: 

Temperature 

SUS 

cSt 

0  F (-18  C) 

3675 

798 

32  F(0C) 

1511 

328 

80  F(27  C) 

563 

122 

100  F  (38  C) 

416 

89.7 

210  F  (99  C) 

133 

27.9 
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PERFORMANCE  IN  LABORATORY  STABILITY  TESTS 

FOA-ll  retards  tire  formation  of  color  and  other  degradation  products  in  fuel  oils.  In  laboratory 
accelerated  storage  stability  tests,  FOA-ll  treated  fuels  show  significantly  less  insoluble  residue 
formation  and  better  color  stability  than  untreated  fuels.  The  data  accumulated  in  such  tests  and 
brief  descriptions  of  the  test  procedures  are  presented  in  the  following  sections: 

ASTM  Method  D2774  Accelerated  Stability  Test  for  Distillate  Fuel  Oil 
(Appendix  16, 1961  ASTM  Standard  on  Petroleum  Products) 

This  procedure  involves  ageing  fuel  at  203  F  (95  C)  for  16  hours  while  oxygen  is  bubbled  through  the 
sample.  Reductions  in  insolubles  and  color  stabilization  were  obtained  by  the  use  of  FOA-1 1  in  the 
test  as  shown  below: 


FOA-1 1  IMPROVES  THE  STABILITY  OF  FUEL  OILS 
_  IN  THE  PROPOSED  ASTM  TEST 


Filtrate  Color  -  ASTM 


FOA-1 1 
Concentration, 

Total  Insolubles,  mg/100  ml 

(Initial  Color  In  Parenthesis) 

Fuel 

Fuel 

lb/1000  bbl 

H 

J 

_M_ 

N 

H 

1 

J 

M 

N 

(LI  .0) 

(LI. 5) 

(LI. 5) 

(1.0) 

(1.0) 

0 

3.7 

0.8 

1.5 

7.9 

1.8 

3.0 

L2.5 

L3.0 

6.0 

3.0 

5 

- 

— 

- 

2.8 

0.7 

— 

— 

— 

4.0 

2.0 

7.5 

1.0 

0.5 

0.5 

— 

— 

L2.5 

LI. 5 

L2.5 

- 

— 

15 

0.6 

— 

— 

0.4 

0.2 

2.0 

— 

— 

2.5 

L2.0 

25 

— 

— 

— 

0.1 

0.3 

— 

— 

— 

L2.5 

L2.0 

300  F  Accelerated  Fue,  Oil  Stability  Test 
Du  Pont  Petroleum  laboratory  Method  F21-61 

In  this  procedure,  samples  are  aged  for  90  minutes  at  300  F,  (149  C).  allowed  to  cool,  and  filtered 
through  paper.  Performance  of  the  fuels  is  expressed  in  terms  of  a  visual  rating  scale  of  1  to  20  based 
on  the  amount  of  material  on  the  filters.  The  lower  the  rating  the  more  stable  the  fuel.  Many  fuels 
exhibit  excellent  response  to  FOA-1 1  in  this  test  as  shown  in  the  following  tables. 


FOA-1 1  IMPROVES  HIGH  TEMPERATURE  STABILITY  IN  THE  300  F  TEST 


FOA-1 1 
Concentration, 


Filter  Rating  (1  *  clean) 


Fuel 


lb/1000  bbl 

0 

5 

7.5 
10 
1 5 


A_ 

13 


B  C  E  G  H 

17  3  13  7  16 


3  2 

3  2 


1 


5 


7 


i. 

13 

7 


_K_ 

15 

5 


L_ 

14 

6 


M_ 

20 

6 

3 
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Filtrate  Color  -  ASTM 


<  Initial ) 

( 0.5  * 

(Ll.O) 

(1.5) 

(Li  .0) 

(L1.0) 

(Ll.O) 

(L  1.5) 

(1.0) 

(l.Oi 

(1.0) 

0 

L3.5 

5.0 

2.5 

4.0 

L5.5 

L6.0 

5.5 

5.5 

5.0 

D8.0 

5 

- 

- 

- 

- 

- 

— 

— 

L3.5 

— 

— 

7.5 

- 

3.0 

2.0 

— 

— 

— 

x  3.5 

— 

— 

— 

10 

- 

- 

— 

— 

LI. 5 

—  „ 

— 

— 

L4.0 

5.0 

15 

l:.o 

L3.0 

2.0 

l:.s 

— 

3.5 

— 

L2.5 

_ 

3.5 

FOA-11  MAINTAINS  HIGH  TEMPERATURE  STABILITY  IN 


THE  300  F 

TEST 

EVEN 

AFTER 

110  F 

STORAGE 

FOA-11 

Weeks 

Filter  Rating 

Filtrate  Color  —  ASTM 

Concentration, 

@ 

Fuel 

Fuel 

lb/1000  bbl 

110  F  (43  Cl 

A* 

B. 

C_ 

T 

A 

B 

C 

E 

0 

4 

15 

18 

4 

17 

4.0 

D8.0 

L3.5 

6.0 

7.5 

4 

- 

4 

2 

- 

— 

L4.5 

L3.0 

— 

15 

4 

3 

4 

9 

L2.5 

L4.0 

L3.0 

L3.5 

0 

8 

17 

20 

12 

17 

L4.5 

D8.0 

L4.5 

D8.0 

7.5 

8 

— 

7 

3 

- 

— 

5.0 

L3.5 

— 

15 

8 

3 

6 

3 

10 

L3.0 

L4.5 

L3.5 

L5.0 

0 

12 

18 

20 

14 

17 

L5.0 

D8.0 

L6.0 

D8.0 

7.5 

12 

- 

13 

5 

— 

— 

L6.5 

L4.0 

— 

15 

12 

3 

9 

4 

12 

L3.0 

L5.5 

L4.0 

6.0 

110  F  Fuel  Oil  Storage  Test 

Du  Pont  Petroleum  Laboratory  Method  F8-64 

In  this  test,  fuel  is  stored  at  1  10  F  (43  C)  in  vented  bottles  and  periodic  determinations  are  made  of 
changes  in  significant  properties.  One  week  in  110F  (43  0  storage  is  considered  approximately 
equivalent  to  one  month  in  normal  field  storage. 

As  shown  by  the  data  in  the  following  tables,  FOA-11  provides  good  control  of  insoluble  residue, 
retards  color  degradation  and  maintains  good  filterability  in  this  test. 
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EFFECT  OF  FOA-11  ON  STORAGE  STABILITY  IN  TIP  F  STORAGE  TEST 


FOA-11 

Concentration, 

Weeks 

@ 

Insoluble  Residue,  mg/100  ml 

Fuel 

lb/1000  bbl 

110  F  (43  0 

A 

B 

_C_ 

_D 

_E_ 

_G_ 

_H_ 

_K_ 

_0_ 

0 

0 

0.2 

0.3 

0.3 

0.3 

0.3 

0.2 

0.2 

0.1 

0.2 

0 

4 

0.3 

1.2 

0.4 

0.8 

1.3 

0.6 

0.5 

1.0 

0.9 

0 

8 

0.6 

9.3 

0.4 

2.8 

6.1 

1.2 

1.4 

2.1 

1.7 

0 

12 

0.9 

19.1 

1.2 

3.6 

9.7 

1.9 

2.8 

5.9 

2.1 

5 

4 

— 

— 

— 

0.8 

_ 

_ 

_ 

0.4 

_ 

5 

8 

- 

— 

- 

1.8 

— 

— 

— 

0.8 

— 

5 

12 

- 

- 

- 

2.6 

- 

- 

- 

1.2 

- 

10 

4 

— 

0.7 

0.4 

— 

_ 

0.5 

0.7 

_ 

_ 

10 

8 

- 

0.5 

0.3 

- 

— 

0.6 

1.3 

— 

— 

10 

12 

- 

0.7 

0.5 

- 

- 

1.1 

1.5 

- 

- 

15 

4 

0.2 

0.5 

0.3 

— 

0.9 

_ 

0.4 

_ 

0.6 

15 

8 

0.2 

0.6 

0.2 

— 

1.3 

— 

0.6 

— 

0.5 

15 

12 

0.3 

0.6 

0.4 

— 

1.8 

— 

0.5 

— 

1.3 

FOA-1 1 
Concentration 
lb/1000  bbl 

Weeks 

@ 

110  F (43 C 

Filtrate  Color  - 

-  ASTM 

Fuel 

1  A_ 

B 

C 

D 

E 

G 

H 

K 

0 

0 

0 

0.5 

L1.0 

1.5 

L1.0 

L1.0 

LI  .0 

L1.0 

1.0 

1.0 

0 

4 

L 1 .5 

L3.0 

L2.0 

LI. 5 

2.0 

L2.P 

L2.0 

L2.5 

L2.5 

0 

8 

L2.0 

L5.0 

L3.0 

L3.0 

L3.5 

L3.0 

2.5 

3.0 

2.5 

0 

12 

L2.5 

L5.5 

L3.5 

3.0 

L4.0 

L3.5 

L3.5 

L4.0 

L3.5 

5 

4 

_ 

— 

LI. 5 

— 

2.0 

— 

5 

8 

— 

— 

— 

L3.0 

— 

- 

— 

L3.0 

— 

5 

12 

- 

- 

- 

L3.5 

- 

- 

- 

L3.5 

- 

10 

4 

— 

2.5 

L2.0 

— 

l:.o 

1.5 

— 

_ 

10 

8 

- 

L3.5 

2.5 

— 

- 

L5.0 

2.5 

— 

- 

10 

12 

- 

L4.0 

L3.0 

- 

- 

L3.0 

3.0 

- 

- 

15 

4 

LI. 5 

L2.5 

L2.0 

— 

1.5 

— 

1.5 

— 

L2.5 

15 

8 

L2.0 

L3.5 

2.5 

— 

3.0 

— 

2.5 

— 

2.5 

15 

12 

L2.5 

L3.5 

L3.0 

— 

L3.5 

- 

L3.0 

— 

3.0 
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FOA-11  MAINTAINS  EXCELLENT  F1LTERABILITY  OF  FUEL  OILS  AFTER  AGING 


FOA-11 

Concentration 

Weeks 

9 

Minutes  to  Filter  Successive  25  ml  Fuel 
Increments  Through  Whatman  No.  4  Paper 

lb/ 1000  bbl 

Fuel  A 

110  F  (43C) 

2_ 

_3 

-\ 

4_ 

_5 

6_ 

None 

0 

1.3 

1.3 

1.5 

1.6 

1.7 

None 

12 

2.0 

3.0 

3.5 

4.3 

5.0 

5.9 

15 

i: 

1.5 

1.6 

1.6 

1.6 

1.6 

1.8 

Fuel  B 

None 

0 

1.5 

1.6 

1.7 

1.7 

1.7 

1.8 

None 

i: 

8.1 

13.6 

17.8 

20+ 

— 

— 

7.7 

i: 

1.6 

1.9 

1.9 

2.0 

2.1 

->  "J 

Fuel  C 

None 

0 

1.6 

1.7 

1.7 

1.8 

1.8 

1.8 

None 

i: 

1.9 

2.3 

2.3 

2.5 

2.7 

3. 1 

*7  *7 

i: 

1.6 

1.9 

2.0 

2.1 

2.1 

2.3 

17.7 

i: 

1.5 

1.7 

1.7 

1.8 

1.9 

2.0 

Fuel  D 

None 

0 

1.4 

1.4 

1.5 

1.6 

1.6 

1.7 

None 

i: 

4.2 

17.4 

20+ 

— 

— 

— 

5 

i: 

2.0 

2.4 

2.6 

3.0 

3.0 

3.3 

Fuel  E 

None 

0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

None 

i: 

5.7 

20+ 

- 

- 

— 

— 

i3.: 

1: 

1.8 

j  j 
L/l 

2.9 

3.3 

3.7 

Fuel  G 

None 

0 

1.4 

1.6 

1.6 

1.6 

1.7 

1.7 

None 

1: 

2.1 

2.7 

3.2 

3.8 

4.5 

y% 

bo 

11.5 

i: 

1.6 

1.9 

2.0 

2.0 

2.0 

Fuel  H 

None 

0 

2.1 

2.3 

2.3 

2.5 

2.5 

2.6 

None 

i: 

3.0 

7.3 

15.3 

20+ 

— 

— 

7.3 

i: 

1.9 

2.5 

3.0 

3.7 

4.1 

5.2 

14.6 

i: 

2.6 

3.4 

4.0 

4.7 

5.3 

6.2 

Fuel  K 

None 

0 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

None 

i: 

9.2 

13.6 

17.4 

18.8 

19.0 

19.3 

5 

i: 

2.3 

2.3 

2.4 

2.5 

2.5 

2.6 

15 

i: 

2.0 

2.1 

2.1 

2  ^ 

2  7 

Fuel  0 

None 

0 

1.8 

1.8 

1.9 

2.0 

2.0 

2.0 

None 

i: 

2.3 

3.2 

4.5 

6.7 

10.1 

17.4 

15 

i: 

1.3 

1.4 

1.6 

1.7 

1.8 

1.8 

30 

12 

1.5 

1.6 

1.6 

1.8 

1.8 

1.8 
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Great  Lakes  Pipeline  Accelerated  Stability  Test  for  No.  2  Fuel  Oils 

in  this  test,  samples  of  fuel  oil  are  aged  16  hours  at  2 1 2  F  ( 100  C)  under  100  psig  oxygen  in  a  bomb, 
then  cooled,  filtered  and  the  soluble,  insoluble  and  total  gum  determined.  The  color  of  the  filtrate  is 
also  measured. 

FOA-1  1  is  effective  in  reducing  gum  formation  and  retarding  color  degradation  in  this  test. 


FOA-1 1  RETARDS 

GUM  FORMATION 

IN  THE  GREAT  LAKES  PIPELINE 

TEST 

FOA-1 1 

Gum,  mg/100  ml 

Concentration, 
lb/ 1000  bbl 

Soluble 

Insoluble 

Total 

ASTM 

Color 

Fuel  A 

None 

18.6 

6.8 

25.4 

L5.0 

15 

7.2 

2.6 

9.8 

3.0 

Fuel  B 

None 

78.1 

37.6 

115.7 

7.5 

7.7 

40.5 

10.3 

50.8 

6.0 

17.7 

46.7 

4.8 

51.5 

7.0 

Fuel  C 

None 

59.0 

18.0 

77.0 

L6.0 

7.7 

26.4 

5.2 

31.6 

L5.0 

17.7 

24.0 

4.2 

28.2 

L5.0 

Fuel  D 

None 

26.4 

14.4 

40.8 

5.5 

5 

26.8 

10.6 

37.4 

L5.0 

Fuel  E 

None 

52.4 

35.4 

87.8 

L6.5 

13.2 

32.0 

6.0 

38.0 

L6.5 

Fuel  G 

None 

22.1 

4.9 

27.0 

L5.5 

11.5 

7.8 

2.4 

10.2 

L3.0 
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TEST  FUELS 


A  brief  description  of  the  fuels  used  in  the  tests  described  in  this  bulletin  is  given  below: 

A  -  Diesel.  (>5%  LCO  and  35%  SR.  Mid-Continent 
B  -  Blend  of  l>0%  LCO.  1 OT  kerosine,  Mid-Continent 
C  -  Blend  of  909  LCO.  10%  Hydro  Bottoms.  Mid-Continent 
D  -  Blend  of  65%  LCO.  35%  No.  1  burner  fuel,  Mid-Continent 
E  -  Blend  of  65%  LCO,  35%  No.  1  burner  fuel,  Mid-Continent 
F  -  No.  2  fuel  oil  blend 
G  -  No.  2  fuel  oil;  80%  CC  and  20%  SR 

H  -  No.  2  fuel  oil;  52%  sweet  LCO.  25%  No.  1  burner  oil,  8%  Wyoming  distillate.  5%  Michigan 
distillate.  5%  Unifiner  distillate,  and  5%  Platformer  Prefract  Bottoms. 

I  -  No.  2  fuel  oil  blend 

J  -  50/50  laboratory  blend  of  Fuels  H  and  I 

K.  -  No.  2  fuel  oil;  80%  CC  and  20%  SR 

L  -  No.  2  fuel  oil  blend 

M  -  No.  2  fuel  oil  blend.  Gulf  Coast 

N  -  43%  Range  Oil,  57%  LCO 

O  -  No.  2  fuel  oil  blend 

TOXICITY  AND  PRECAUTIONS  IN  HANDLING 

Although  the  toxicological  properties  of  FOA-11  have  not  been  fully  investigated,  other  compounds 
of  related  chemical  structure  are  toxic  and.  therefore.  FOA-1 1  should  be  treated  as  hazardous 
material.  Excessive  inhalation  of  its  vapor  should  be  avoided,  and  the  product  should  be  handled  only 
in  locations  with  good  ventilation.  FOA-1 1  contains  a  caustic  material  which  can  cause  skin  irritation 
and  bums.  Contact  with  skin  and  eyes  should  be  avoided  by  use  of  gloves  and  goggles.  In  case  of 
contact  with  eyes.  Hush  thoroughly  with  water  and  get  medical  attention.  Spills  on  the  skin  must  be 
washed  off  immediately  with  soap  and  water.  Contaminated  clothing  should  be  laundered  before 
reuse. 

PACKAGES  AND  SHIPPING  POINTS 

The  standard  package  for  FOA-1 1  is  a  nonretumable  55-gallon  steel  drum  containing  375  pounds  net 
and  having  a  tare  weight  of  50  pounds.  Drum  shipments  are  made  from  the  following  locations: 

Deepwater.  New  Jersey  Kansas  City.  Missouri 

Billings.  Montana  Los  Angeles.  California 

Chicago.  Illinois  Houston.  Texas 

Amounts  smaller  than  the  standard  package  are  available  upon  request. 

Bulk  shipments  are  available  by  tank  car  or  tank  truck  from  Deepwater.  New  Jersey. 
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Petroleum  Chemicals 


RO-22 


ANTIOXIDANT  No.  22 

Du  Pont  Antioxidant  No.  22  (Du  Pont  AO-22)  is  an  additive  used  to  inhibit  the 
oxidation  of  motor  and  aviation  gasolines  and  jet  fuels.  Du  Pont  AO- 22  is  also  used 
to  catalyze  the  sweetening  of  sour  blending  stocks  and  gasoline  blends.  The  normal 
concentration  range  is  2  to  10  lb/1000  bbl  (approximately  8  to  40  ppm)  in  finished 
blends.  Dosage  levels  up  to  20  lb/1000  bbl  (80  ppm)  are  frequently  employed  to  inhibit 
severely  cracked  blending  stocks  such  as  pyrolysis  and  coker  gasolines. 

Du  Pont  AO-22  has  been  approved  under  the  following  military  and  A  STM  spe¬ 
cifications: 

Automotive  Gasoline  -  MIL-G-3056 

Aviation  Gasoline  -  MIL-G-5572  and  ASTM  D  910 

Jet  Fuel  -  MIL-T-5624,  MTL-T-5161, 

MIL-P-25576, 

> 

COMPOSITION  AND  TYPICAL  PROPERTIES 

Active  Ingredient,  100  wt.%  Principally  N,  N'  -di-secondary 


Structural  Formula 

butyl-para-phenylenediamine . 

hCH 

Physical  Form 

c  c 

Red  Liquid 

Specific  Gravity,  60/60  F  (16/16  C) 

0. 94 

Density,  lb/gal  60  F  (16  C) 

7.8 

Solidification  Temperature 

Will  solidify  at  68  F  (20  C)  if  seeded. 

Unseeded  it  can  be  super-cooled  to 
below  -10  F  (-23  C) 

Flash  Point,  Pensky-Martens  Closed  Cup  >200  F  (93  C) 

Thermal  Decomposition 

Above  450  F  (232  C) 

Solubility  in  gasoline,  80  F  (27  C) 

All  proportions 

Solubility  in  water,  80  F  (27  C) 

0. 06  wt.  % 

Viscosity:  Temperature 

SUS  cSt 

100  F  (38  C) 

64  11 

77  F  (25  C) 

107  22 

32  F  (  0  C) 

687  149 
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MECHANISM  OF  OXIDATION  AND  FUNCTION  OF  ANTIOXIDANT 

The  primary  function  of  an  antioxidant  in  gasolines  is  to  retard  the  formation 
of  gum  and  the  precipitation  of  lead  alkyl  antiknocks. 

Gum  is  the  product  of  a  series  of  oxidation  and  polymerization  reactions  in¬ 
volving  principally  the  olefinic  constituents  present  in  cracked  gasolines.  The  oxida¬ 
tion  attack  occurs  first  on  the  least  stable  components  of  the  gasoline,  forming  pro¬ 
ducts  which  are  capable  of  initiating  oxidation  of  more  stable  compounds. 

The  initial  products  formed  during  oxidation  of  gasoline  are  free  radicals. 
These  may  react  with  oxygen  to  form  peroxy  free  radicals  which  In  turn  react  with 
the  hydrocarbons  to  form  hydroperoxides  and  hydrocarbon  free  radicals.  Thus, 
oxidation,  once  started,  can  proceed  as  a  chain  reaction.  The  hydroperoxides  may 
decompose  directly  into  more  stable  compounds  or  may  give  rise  to  free  radicals 
which  are  capable  of  propagating  the  oxidative  chain  and  are  active  in  causing  preci¬ 
pitation  of  lead  antiknock  compounds. 

The  oxidation  reactions  may  be  represented  by  the  following  equations: 

1.  CHAIN  INITIATION 

R-H  - ►  R.+  H- 

2.  CHAIN  PROPAGATION 

a.  R-  +O2  —  — ►  R-0-0- 

b.  R-0-0-+R'-H - ►  R’*+R-0-0-H 


( 


Antioxidants  terminate  these  chain  reactions  as  shown  below  by  reacting  with 
free  radicals  and  peroxides  to  form  compounds  of  low  energy  content  which  are  stable 
and  do  not  initiate  or  propagate  forther  chain  reactions. 

R00*  +  Antioxidant  - ►  ROOH  +  Antioxidant  free  radical 


PERFORMANCE  OF  DUPONT  AO-22 

The  ability  of  Du  Pont  AO-22  to  protect  gasolines  from  oxidation,  as  measured  t 

by  ASTTM  Oxidation  Stability  of  Gasoline  Method  D-525  is  shown  in  the  Tables  below. 

These  data  indicate  Du  Pont  AO-22  is  highly  effective  in  stabilizing  a  wide  variety  of 
fuels.  In  Table  I  the  data  are  shown  in  terms  of  induction  period  obtained  with  given 
amounts  of  additives  while  Table  n  shows  the  amount  of  additive  required  for  a  given 
induction  period.  Both  tables  show  comparisons,  with  Du  Pont  AO-23  and  two  compe- 
titlve  antioxidants,  GAO-2  and  GAO-3. 
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TABLE  I 

EFFECT  OF  DIFFERENT  ANTIOXIDANTS  ON 
A  STM  INDUCTION  PERIOD  OF  SEVERAL  GASOLINES 


V 

A  STM  D525-55  Induction  Period- 

-Minutes 

Additive  Gasoline  - 

A 

B 

C 

D 

E 

1 

No  Additive 

80 

145 

210 

220 

655 

2  lb  Antioxidant/1000  bbl  (8  ppm) 

AO-22 

185 

365 

335 

360 

805 

AO-23 

150 

305 

285 

320 

750 

GAO-2 

165 

300 

310 

- 

- 

GAO-3 

125 

240 

265 

300 

725 

4  lb  Antioxidant/1000  bbl  (16  ppm) 

AO-22 

285 

560 

450 

490 

940 

AO-23 

215 

400 

355 

410 

830 

GAO-2 

265 

440 

410 

- 

- 

GAO-3 

185 

330 

320 

380 

795 

8  lb  Antioxidant/1000  bbl  (32  ppm) 

AO-22 

505 

935 

645 

720 

1080 

AO-23 

365 

620 

485 

560 

990 

GAO-2 

455 

720 

610 

- 

- 

GAO-3 

295 

500 

420 

505 

925 

TABLE  n 

AMOUNT  OF  DIFFERENT  ANTIOXIDANTS  REQUIRED 
TO  OBTAIN  SPECIFIED  INDUCTION  PERIOD  OF  SEVERAL  GASOLINES 


Antioxidant  Dosage  -  lb/1000  bbl. 


Additive 

Gasoline  - 

A 

B 

C 

D 

Additive  for  300  Minutes  Induction  Period 
AO-22 

4.3 

1.4 

1.5 

1.2 

* 

AO-23 

6.3 

2.0 

2.4 

1.6 

* 

GAO-2 

4.8 

2.1 

1.8 

- 

* 

GAO-3 

8.1 

3.3 

3.3 

2.0 

* 

Additive  for  400  Minutes  Induction  Period 
AO-22 

6.1 

2.4 

3.1 

2.7 

★ 

AO-23 

8.9 

3.7 

5.4 

3.7 

* 

GAO-2 

6.9 

3.3 

3.7 

- 

* 

GAO-3 

>10.0 

5.8 

7.2 

4.7 

* 

♦Base  gasoline  exceeded  required  Induction  Period  without  additive. 

NOTE:  GAO-2  is  N,N'-disecondary-butyl-p-phenylenediamine  plus  a  sweetening 
catalyst. 

GAO-3  is  N,  N'-dioctyl-p-phenylenediamine 

AO-23  is  N,  N'-diisopropyl-p-phenylenediamine  (50%  active  ingredient) 


The  effectiveness  of  Du  Pont  AO-22  for  controlling  gum  formation  in  gasolines 
is  illustrated  below  using  both  an  accelerated  test  and  storage  at  HOF  (43C).  Table 
IE  provides  the  4-hour  accelerated  test  results  (Potential  Residue  Method  A  STM  D 
873),  which  show  that  both  Du  Pont  AO-22  and  Du  Pont  AO- 23  are  highly  effective  in 
controlling  gum  formation.  Table  IV  summarizes  storage  test  data  obtained  at  HOF 
(43  C),  comparing  the  effectiveness  of  the  antioxidants  in  controlling  gum  formation 
during  storage. 


TABLE  m 

PERFORMANCE  OF  ANTIOXIDANTS  IN  FOUR-HOUR 
ACCELERATED  POTENTIAL  RESIDUE  METHOD  (ASTM  D  873) 

Total  Potential  Residue,  mg/100  ml 


Light  Cat  Cracked  Gasoline 

Antioxidant  Gasoline  F _  Blend  G 

No  Additive  79  77 

2  lb/1000  bbl  (8  ppm) 

AO-22  -  2 

AO-23  -  3 

4  lb/1000  bbl  (16  ppm) 

AO-22  0  3 

AO-23  1  0 


TABLE  IV 

EFFECT  OF  ANTIOXIDANTS  ON  GASOLINES  STORED 
AT  110  F  (43  C)  (DU  PONT  PETROLEUM  LABORATORY  METHOD  G34-521 


Gasoline 
Week's  Storage* 

No  Antioxidant 

2  lb  Antioxidant  (8  ppm) 
AO-22 
AO-23 
GAO-3 


Existent  Gum,  mg/100  ml  after 
Storage  at  110  F  (43  Q.  ASTM  D381 
D  H  J  K 

6  12  6  12  6  12  6  12 


-  32  54  283  9 


3  23 


3  5  11 

4  7  10 

3  5  10 


2  2 
1  1 
1  1 


5  lb  Antioxidant  (20  ppm) 
AO-22 
AO-23 
GAO-3 


112  4 

12  5  4 

2  -  5  - 


1  0 
1  1 
1  2 


♦NOTE:  One  week's  storage  at  110  F  (43C)  is  considered  approximately 
equivalent  to  one  month  in  normal  field  storage. 
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High  concentrations  of  antioxidant  are  required  to  stabilize  some  gasoline  com¬ 
ponents.  Table  V  below  illustrates  the  effect  of  Du  Pont  AO-22  addition  on  the  stabi¬ 
lity  of  coker  gasoline. 


TABLE  V 

EFFECT  OF  DU  PONT  AO-22 
ON  THE  STABILITY  OF  COKER  GASOLINE 


AO-22, 
lb/1000  bbl 

Existent  Gum, 
mg/100  ml 

A  STM  Induction 
Period,  Minutes 

Accelerated  Gum 
4-hr. ,  mg/100  ml 

None 

5 

15 

630 

10 

2 

198 

161 

20 

- 

315 

31 

30 

- 

430 

13 

ANTIOXIDANT  SWEETENING 

An  additional  consideration  in  the  selection  of  an  antioxidant  is  its  ability  to 
sweeten  low  mercaptan  content  cracked  gasolines.  In  many  refinery  si  ks  Du  Pont 
AO-22  readily  converts  mercaptans  to  less  odorous  sulfur  compounds.  This  type  of 
treating  produces  a  doctor  sweet  gasoline  and  has  many  advantages,  such  as: 

)  1.  Low  initial  cost  -  4  substantial  saving  in  basic  sweetening 

equipment  is  possible  through  Du  Pont  AO-22  sweetening. 

2.  Lower  operating  costs  -  While  operating  costs  vary  with  treat¬ 
ing  methods  the  use  of  Du  Pont  AO-22  reduces  the  need  for 
additional  chemicals  and  reduces  regeneration  expenses. 

3.  No  undesirable  chemicals  -  Since  Du  Pont  AO-22  sweetening  does 
not  require  the  use  of  sulfur  or  copper,  the  chance  of  con¬ 
tamination  from  these  elements  is  avoided  during  the  sweetening 
operation. 

4.  Stabilization  and  sweetening  combined  -  These  two  results  are 
achieved  in  the  single,  inexpensive  operation  of  adding  Du  Pont 
AO-22  to  your  stocks. 

Sweetening  Performance 

Du  Pont  AO-22  is  effective  as  a  sweetening  catalyst  in  a  variety  of  refinery 
gasoline  streams.  The  results  of  a  laboratory  study,  employing  a  catalytically 
cracked  gasoline  and  comparing  Du  Pont's  AO-22  and  AO-23  with  GAO-3  are  summa¬ 
rized  graphically  in  Figure  1,  page  6.  This  gasoline  initially  contained  0.010  weight 
percent  mercaptan  sulfur.  The  test  involved  contacting  the  inhibited  gasoline  samples 
0^  with  2  volume  percent  of  20*Be'  used  refinery  caustic  and  measuring  the  rate  of  mer¬ 

captan  sulfur  reduction. 
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Antioxidant  Concentration,  lb/1000  bbl 


Fig.  1  *  Sweetening  Rate  of  a  Catalytically  Cracked  Gasoline. 

Sweetening  Process  Equipment 


The  equipment  required  for  antioxidant  sweetening  is  relatively  simple.  In 
most  instances  all  that  is  required  is  a  modification  of  existing  equipment.  The 
essential  parts  are  caustic  washing  facilities,  a  mixer,  and  run-down  tank,  and  are 
illustrated  below  in  Figure  2. 
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Field  Experience 

Even  In  carefully  controlled  laboratory  teste  it  Is  difficult  to  simulate  the  con¬ 
ditions  which  exist  in  refinery  sweetening  unite.  To  obtain  an  accurate  evaluation  of 
sweetening  performance  it  is  recommended  that  full  scale  teste  be  conducted  in  the 
refinery. 


WATER  AND  CAUSTIC  EXTRACTIBILITY 

The  insolubility  of  Du  Pont  AO-22  in  aqueous  media  above  pH  5. 0  is  especially 
useful  in  certain  applications.  AO-22  may  be  added  to  stocks  free  from  hydrogen 
sulfide  prior  to  doctor  sweetening  or  caustic  washing,  thus  providing  the  best  possible 
response  through  early  antioxidant  addition.  Occasionally  gasolines  contact  acidic 
water  in  tanks  or  pipelines.  Under  these  conditions,  Du  Pont  AO-22  may  be  partially 
extracted  if  sufficient  agitation  is  provided.  Extraction  data  are  shown  below  in 
Figure  3. 


Fig.  3  —  Extraction  of  Du  Pont  AO-22  From  Gasoline. 


WATER  INTERACTION 

Du  Pont  AO-22  at  its  upper  use  concentrations  has  no  effect  on  gasoline  or 
jet  fuel  water  interaction. 

COLOR  AND  SUNLIGHT  STABILITY 

The  tinctorial  effect  of  Du  Pont  AO-22  is  low,  and  its  addition  in  concentrations 
necessary  for  effective  oxidation  control  does  not  significantly  affect  ihe  color  of  the 
gasoline.  However,  when  unleaded  gasolines  containing  Du  Pont  AO-22  are  exposed 
to  sunlight  for  prolonged  periods,  some  darkening  of  the  gasoline  may  occur. 

When  leaded  gasolines  containing  Du  Pont  AO-22  are  exposed  to  sunlight,  even 
for  relatively  short  periods,  they  develop  a  red  color.  This  is  caused  by  a  photochemical 
reaction  between  the  antioxidant  and  the  halide  scavenging  agent  in  the  tetraethyl  lead 
compound. 
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COMPATIBILITY 


Du  Pout  AO-22  is  compatible  in  gasoline  with  other  additives  including  dyes, 
metal  deactivators,  rust  preventives,  and  many  multifunctional  additive  packages. 

LOW  TEMPERATURE  PROPERTIES 

Du  Pont  AO-22  contains  no  solvent  and  has  a  true  freezing  point  of  approximately 
68  F  (20  C);  however,  it  is  readily  supercooled  to  temperatures  considerably  below 
its  freezing  point  without  solidifying.  When  stored  below  its  freezing  point,  crystalli¬ 
zation  may  be  caused  by  sudden  chilling,  prolonged  storage  or  seeding  with  a  crystal 
of  antioxidant.  Should  freezing  occur  the  material  may  be  restored  to  its  original 
liquid  state  without  loss  in  effectiveness  by  heating  and  occasional  rolling  of  the  drums. 

Du  Pont  AO-22  and  the  equipment  for  adding  it  to  gasoline  should  be  protected 
against  freezing  during  use.  Where  this  is  not  possible,  stock  solutions  are  prepared. 
The  curve  below  shows  the  degree  of  solution  necessary  to  Insure  crystal-free  stock 
solutions  of  Du  Pont  AO-22  at  various  temperatures.  The  separation  temperatures 
vary  in  different  types  of  gasolines. 
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Fig.  4  —  Low  Temperature  Characteristic)  of  Du  Pont  AO*22/Gasoiine  Blende. 


POINT  OF  ADDITION 

It  is  desirable  to  add  antioxidants  as  early  as  possible.  The  point  of  addition 
will  depend  somewhat  on  the  refining  processes  employed  and  on  the  antioxidant  used. 

Antioxidants  generally  are  injected  after  most  treating  steps  are  completed. 
Except  where  antioxidant  sweetening  is  employed,  addition  is  usually  made  to  the 
lines  leading  from  the  processing  equipment  to  storage  tanks.  Where  there  is  an 
appreciable  lapse  of  time  between  distillation  and  subsequent  treating  steps,  it  is 
sometimes  desirable  to  add  a  small  amount  of  antioxidant  to  prevent  deterioration 
during  this  storage  period.  The  insolubility  of  Du  Pont  AO-22  in  water  and  caustic 
makes  it  particularly  suited  for  this  purpose. 


METHODS  OF  ADDITION 

The  preferred  method  of  antioxidant  addition  Is  on  a  continuous  basis  In  the 
proper  ratio  to  the  flow  of  product  being  treated. 

Many  different  types  of  addition  equipment  are  in  use  and,  while  a  complete 
review  of  the  many  possible  systems  is  beyond  the  scope  of  this  bulletin,  a  few  of 
the  more  common  ones  will  be  described  briefly.  For  specific  applications,  your 
Du  Pont  representative  is  available  for  assistance. 

"In-Line”  Blending 

Many  modem  refineries  blend  finished  gasoline  "in-line”,  with  precise  control 
of  individual  fuel  component  streams,  using  digital  electronic  equipment.  As  a  result, 
the  completed  blend  is  frequently  sent  directly  to  a  pipeline  or  ship. 

On  "in-line”  systems,  the  additive  streams  are  flow-controlled  in  the  same 
manner.  Figure  5  depicts  such  a  system. 


Fig.  5  —  Typical  Flow-Controlled  Antioxidant  Addition  System 
for  "In-Line"  Blender. 


Proportioning  Pumps 

Proportioning  pumps  are  used  by  many  refiners  for  antioxidant  addition. 

These  pumps  are  all  of  the  positive  displacement  type  but  vary  in  design  and,  in  some 
cases,  in  principle  of  operation. 

PRINCIPLES  OF  OPERATION  OF  PROPORTIONING  PUMPS — In  all  of  the 
pumps  recommended  for  antioxidant  service,  a  fixed  volume  of  antioxidant  is  delivered 
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with  each  stroke  of  the  piston  or  revolution  of  the  pump.  The  quantity  of  material  dis¬ 
charged  is  adjustable  by  changing  the  length  of  stroke  or  varying  the  speed  of  the  pump. 

CONSTANT  SPEED  OPERATION — When  the  flow  of  fuel  to  be  inhibited  is  con¬ 
stant,  the  pump  may  be  driven  by  a  constant  speed  motor  and  the  length  of  the  piston 
stroke  adjusted  to  deliver  antioxidant  at  the  desired  rate.  This  is  the  simplest  type 
of  installation  and  one  of  these  is  diagrammed  in  Figure  6. 

FLOW-RESPONSIVE  PROPORTIONING — In  most  refineries  the  rate  of  product 
flow  is  variable  and  it  is  not  practical  to  inject  antioxidant  at  a  constant  rate.  When 
this  situation  prevails,  automatic  control  devices  are  frequently  used  in  conjunction 
with  the  proportioning  pump  to  regulate  the  rate  of  antioxidant  addition.  A  diagram¬ 
matic  sketch  of  such  a  system  is  shown  in  Figure  7.  Automatic  control  systems  are 
of  several  types  and  the  pump  manufacturer  can  recommend  the  system  best  suited 
for  each  application. 

While  several  pumps  have  been  specifically  designed  for  automatic  operation, 
all  of  them  may  be  adapted  for  use  with  automatic  controls.  Since  this  type  of  flow  is 
cyclic,  the  rate  is  not  measured  and  hence  is  not  remote  indicated. 

Eductors 

Various  systems  employing  an  eductor  have  been  used  with  some  succd^i. 
Illustrated  in  Figure  8  is  a  system  where  Du  Pont  AO-22  is  drawn  directly  from  a 
drum.  The  amount  of  antioxidant  used  is  measured  by  reading  the  scale. 


PACKAGES  AND  SHIPPING  POINTS 

The  standard  package  for  Du  Pont  AO-22  is  a  non-returnable  55-gallon  steel 
drum  containing  425  lbs.  net  and  having  a  tare  weight  of  50  lbs.  Drum  shipments  are 
made  from  Deepwater,  New  Jersey  and  the  following  warehouses: 

Billings,  Montana  Los  Angeles,  California 

Chicago,  Illinois  Houston,  Texas 

Kansas  City,  Missouri 

Amounts  smaller  than  the  standard  package  are  available  upon  request.  Bulk  ship¬ 
ments  are  available  by  tank  car  or  tank  truck  from  Deepwater,  New  Jersey. 


PRECAUTIONS  IN  HANDLING 

Causes  burns  as  defined  by  D.  O.  T.  Skin  Corrosivity  Test.  Do  not  get  in  eyes, 
on  skin,  on  clothing.  Avoid  breathing  vapor.  Use  with  adequate  ventilation.  Wash 
thoroughly  after  handling. 

FIRST  AID  -  In  case  of  contact.  Immediately  flush  eyes  or  skin  with  plenty  of  water 
for  at  least  15  minutes  while  removing  clothing  and  shoes.  Call  a  physician.  Wash 
clothing  before  reuse. 

IN  CASE  OF  FIRE  -Use  water  spray,  foam,  dry  chemical,  or  CO2. 
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Fig.  6  -  Constant  Speed  Proportioning  Pump  With  Suction  Direct 
From  Shipping  Container.  (Constant  Speed  Addition). 


Fig.  7  —  Variable  Speed  Proportioning  Pump  Using  Stock 
Solution  Tank.  (Flow-Proportional  Addition). 
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Fig.  8  -  Eductor  System  With  Suction  Direct  From  Shipping  Container. 
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ANTIOXIDANT  NO.  35 


Antioxidant  No.  35  is  a  mixture  of  alkylated  phenols.  It  is  effective  in  inhibiting  gum  formation  and 
precipitation  of  lead  alkyl  compounds  in  gasolines.  AO-35  may  also  be  used  to  stabilize  other  light 
hydrocarbons.  For  those  refiners  who  prefer  an  alkylated  phenol  andoxidant,  AO- 35  is  particularly 
attractive  because,  in  addition  to  its  low  cost  relative  to  other  commercially  available  antioxidants  of  this 
type,  it  offers  superior  low  temperature  handling  properties.  Typical  use  concentrations  are  1  to  10 
lb/ 1000  bbl  (4  to  40  ppm). 

AO-35  has  been  approved  by  the  Military  for  use  in: 

MIL-G-30S6  -  Automotive  Combat  Gasoline 

MIL-G-5572  -  Aviation  Gasolines 

MIL-T-5624  -  Aviation  Turbine  Fuels 

VV-G-76B  -  Gasoline,  Automotive 

VV-G-G0169G  -  Gasoiine,  ,Au.-..;o:ive,  L.C1 

COMPOSITION 

Butylated  ethylphenols  55%  minimum 

Butylated  methyl  and  dimethylphenols  45%  maximum 


Physical  form 

Sp.  Gravity,  60/60°F  (16/16°C) 
Pounds  per  gallon,  60®F  (16°C) 
Flash  Point,  PMCC 
Crystallization  Temp.  (Seeded) 
Pour  Point 

Viscosity 


TYPICAL  PROPERTIES 

Amber  liquid 

1  (16/16°C)  0.96 

0°F  (16°C)  8.0 

202°F  (94°C) 

.  (Seeded)  Below  -30°F  (-34°C) 

— 20°F  (-29*0 


Temperature 

SUS 

cSt 

0°F  (-18°Q 

144,330 

31,350 

32°F  (0°C) 

3,340 

724 

77°F  (25°C) 

182 

39 

100°F  (38°Q 

84 

17 

ANTIOXIDANT  PERFORMANCE 

The  effectiveness  of  AO- 35  in  protecting  motor  gasoline  against  oxidation  has  been  compared  with  a 
competitive  phenol  antioxidant  (GAO-4)  and  Du  Pont  Antioxidant  No.  33  using  ASTM  D323,  Induction 
Period  Method.  The  data  shown  in  Table  1  indicate  that  AO-33  effectively  controls  gasoline  stability. 

TABLE  1 

EFFECT  OF  ALKYLATED  PHENOL  ANTIOXIDANTS  ON  MOTOR 
GASOLINE  STABILITY  -  ASTM  DS2S,  INDUCTION  PERIOD  METHOD 


Antioxidant  Induction  Period,  minutes 


Gasoline 

Pb>  g/gal  (TEL) 

lb/1000  bbl 

None 

GAO-4 

AO-33 

AO-35 

G-95 

0.24 

0 

269 

— 

,  v  — 

5 

— 

440 

395 

443 

10 

- 

545 

550 

530 

G-96 

1.65 

0 

240 

— 

— 

— 

5 

325 

330 

317 

10 

- 

380 

390 

385 

G-97 

1.20 

0 

658 

— 

— 

— 

5 

- 

712 

710 

703 

10 

— 

820 

768 

825 

i 

r 


1 

t 

f 


I 


AO-35  inhibits  the  formation  of  gum  and  lead  precipitation  in  gasoline  as  measured  by  ASTM  D873, 
Potential  Residue  Method.  As  shown  by  the  data  in  Table  2,  this  test  method  also  shows  AO-35  to  be 
effective  as  a  gasoline  stabilizer. 


TABLE  2 

EFFECT  OF  ALKYLATED  PHENOL  ANTIOXIDANTS  ON  MOTOR 
GASOUNE  STABILITY  -  ASTM  0673,  POTENTIAL  RESIDUE  METHOD 


Gasoline 

Pb,  g/gal  (TEL) 

Antioxidant 
lb/1000  bbl 

4-Hour  Potential  Residue,  mg/100  ml 
None  GAO-4  AO-33  AO-35 

G-95 

0.24 

0 

14 

_ 

_ 

5 

- 

4.5 

4.3 

2.7 

10 

- 

2.5 

3.3 

1.4 

G-96 

1.65 

0 

166 

— 

— 

— 

5 

— 

109 

145 

78 

10 

- 

20 

30 

27 

G-98 

0.00 

0 

23 

- 

- 

— 

5 

— 

17 

30 

14 

10 

- 

10 

20 

9 

G-99 

0.00 

0 

196 

- 

— 

— 

5 

- 

88 

85 

75 

10 

- 

42 

31 

27 

G-44 

0.00 

0 

10 

- 

— 

_ 

5 

— 

13 

14 

8.0 

10 

- 

8.5 

12 

4.5 

C 
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The  data  summarized  in  Table  3  indicate  that  AO-33  stabilizes  aviation  gasolines  against  oxidation  as 
measured  by  ASTM  D873,  Oxidation  Stability  of  Aviation  Fuels.  The  perfonnance  of  a  competitive 
antioxidant  GAO-4  in  the  same  gasolines  is  presented  for  comparison.  While  8.4  lb/1000  bbl  is  the 
maximum  allowable  concentration  in  aviation  gasoline,  AO-33  is  effective  in  reducing  potential  gum  and 
precipitate  to  values  well  below  specification  limits  at  3  lb/1000  bbl. 

TABLE  3 

EFFECT  OF  ALKYLATED  PHENOL  ANTIOXIDANTS  ON  AVIATION 
GASOLINE  STABILITY  -  ASTM  D873,  POTENTIAL  RESIDUE  METHOD 

16-Hour  Potential  Residue,  mg/100  ml 

_ Aviation  GaaoMne _ 

100/130  115/145 

Antioxidant  3.0  ml  TEUgal  4.6  ml  TEUgal 

Type  lb/1000  bbl  Potential  Gum  Precipitate  Potential  Gum  Precipitate 

None  0  57  17  66  84 

GAO-4  3  0  0  0.1  0 

AO-35  3  0.1  0  0.2  0 

Table  4  compares  the  effectiveness  of  AO-35  and  GAO-4  in  a  light  catalytic  gasoline  after  contact 
with  Unisol  solution  and  aging  at  110°F  for  four  weeks.  Cr,r.tic  cr.rr’'"’**'  ♦’■>»  Utv.saI  — 

alkaline  systems  used  in  refinery  processing  can  result  in  a  decrease  in  gasoline  staomty .  , ...  o. 

AO-35  was  responsible  for  nearly  a  ten  fold  increase  in  induction  period  under  these  conditions.  Table  4 
also  summarizes  the  induction  system  deposit  data  on  the  same  samples  and  shows  AO-35  to  be  superior 
to  GAO-4.  The  ISD  data  were  developed  in  a  laboratory  bench  rig  where  fuel  was  sprayed  onto  a 
steam-heated  glass  surface.  These  weights  reflect  the  deposit  forming  tendency  of  the  gasoline  with 
substantial  improvement  in  fuel  quality  resulting  from  the  AO-35  addition. 

TABLE  4 

ANTIOXIDANT  AND  INDUCTION  SYSTEM  DEPOSIT  (ISD) 
PERFORMANCE  IN  LIGHT  CATALYTIC  GASOUNE  CONTACTED 
WITH  UNISOL  SOLUTION  AND  AGED  AT  HOT  FOR  FOUR  WEEKS 


Antioxidant 

ASTM  D525 

ISD  Weight 

Typo 

lb/1000  bbl 

Induction  Period,  min. 

None 

0 

38 

1591 

GAO-4 

10 

250 

11 

AO-35 

10 

359 

7 
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AO- 35  inhibits  the  formation  of  gum  in  gasoline  as  measured  by  1 10°F  (43°C)  storage  tests.  The  data 
are  shown  in  Table  5.  The  1 10°F  storage  tests  correlate  well  with  actual  field  storage  and  corroborate  the 
accelerated  test  data  for  AO  35. 

TABLE  5 

EFFECT  OF  ALKYLATED  PHENOL  ANTIOXIDANTS  ON  MOTOR 
GASOLINE  STABILITY  IN  110°F  STORAGE  TESTS 

Exlstsnt  Gum,  mg/ 100  ml 


Antioxidant 

Weeks  to  Form 

Gasoline 

Typ» 

lb/1000  bbl 

S  mg 

10  mg 

20  mg 

G-44 

None 

0 

3 

7 

9 

GAO-4 

2 

5 

9 

15 

AO-35 

2 

4 

9 

14 

METHODS  OF  HANDLING  AND  ADDITION 

aO-35  is  soluble  in  gasolines  in  all  proportions  and  may  be  added  directly  to  gasoline  or  as  a  gasoline 
stock  solution. 

In  cold  climates  the  viscosity  of  AO-35  can  be  reduced  by  addition  of  xylene  or  other  refin¬ 
ery  solvents.  Viscosity  data  for  AO-35  and  AO-35/xylene  blends  are  shown  in  Table  6  and  in  Figure  1  on 
page  5. 

TABLES 

VISCOSITIES  OF  AO-35  AND  AO-35/XYLENE  BLENDS 


(Weight  Basis) 

100% 

90%  AO-35 

80%  AO-35 

Viscosity  @ 

AO-35 

10%  Xylene 

20%  Xylene 

0°F  (-18°Q  SUS 

144,330 

4,590 

1,150 

cSt 

31,350 

997 

250 

32°F  (0°Q  SUS 

3,340 

448 

187 

cSt 

724 

97 

40 

77°F  (25°C)  SUS 

182 

77 

55 

cSt 

39 

15 

9 

lOOPF  (38*0  SUS 

84 

52 

44 

cSt 

17 

7.8 

5.4 

To  prevent  partial  extraction  of  the  antioxidant  by  strong  caustic  solution,  AO- 35  should  be  added 
alter  caustic  scrubber  treatment.  This  precaution  should  be  observed  with  all  alkylated  phenols. 


KINEMATIC  VISCOSITY.  CENTISTOKES 


FIGURE  1 

VISCOSITY  OF  AO-35  AND  AO-35/XYLENE  BLENDS 
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TOXICITY  PRECAUTIONS 

Precautions  in  Handling  -Causes  bums  (as  defined  by  D.O.T.  Skin  Corrosivity  Test).  Combusti¬ 
ble.  Do  not  get  in  eyes,  on  skin,  on  clothing.  Avoid  breathing  vapor.  Keep  container  closed.  Use  with 
adequate  ventilation.  Wash  thoroughly  after  handling.  Keep  away  from  heat  and  flame. 

In  case  of  fire,  use  water  spray,  foam,  dry  chemicals  or  CO*. 

First  Aid  -  In  case  of  contact,  immediately  flush  eyes  or  skin  with  plenty  of  water  for  at  least  IS 
minutes  while  removing  contaminated  clothing  and  shoes .  Call  a  physician.  Wash  clothing  before  reuse . 

PACKAGES  AND  SHIPPING  POINTS 

The  standard  package  for  AO-3S  is  a  non-returnable  S5-gallon  steel  drum  containing  419  lb  net  and 
having  a  tare  weight  of  SO  lb.  Drum  shipments  are  made  from  Deepwater,  New  Jersey,  and  die  following 
warehouses: 

Billings,  Montana  Los  Angeles,  California 

Chicago,  Illinois  Houston,  Texas 

Kansas  City,  Missouri 

Amounts  smaller  than  the  standard  package  are  available  upon  request.  Bulk  shipments  are  available  by 
tank  car  or  tank  truck  from  Deepwater,  New  Jersey. 


ADDITIONAL.  INFORMATION 

Additional  information  and  samples  may  be  obtained  from  any  of  the  sales  offices  listed  on  page  7 . 
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With  the  increased  production  of  cracked  gasolines  in  the  early  twenties 
came  the  problem  of  gum  formation.  This  gum  formation  took  place  in  everything 
from  refinery  storage  tanks  to  automobile  carburetors.  In  an  effort  to  control  gaso¬ 
line  stability,  acid  or  clay  treating  was  used.  These  processes  are  expensive  and 
reduce  the  yield  and  octane  quality  of  the  finished  fuel. 

Gasoline  antioxidants,  developed  in  the  early  thirties,  provided  a  means 
for  improving  gasoline  stability,  but  for  unknown  reasons  were  sometimes  ineffec¬ 
tive  in  certain  stocks.  In  1933,  several  members  of  the  Du  Pont  Jackson  Laboratory 
staff  met  to  discuss  this  problem  with  representatives  of  an  oil  company.  From  this 


meeting  came  the  thought  that  small  amounts  of  copper  in  gasoline  might  be  cata¬ 
lyzing  the  chemical  reactions  leading  to  gum  formation.  Work  began  immediately 
on  the  problem  of  copper  deactivation  and  several  promising  additives  were  synthe¬ 
sized.  The  original  Du  Pont  offering  was  N,N'-disalicylidene-l,2-cthancdiamine, 
marketed  as  Lube  Oil  Color  Stabilizer  S.  Although  this  deactivator  did  an  excellent 
job,  it  was  a  solid  and  difficult  to  handle.  Subsequently,  a  product  was  developed 
with  N,N'-disalicylidene-l,2-propanediaminc  as  the  active  ingredient.  This  prod¬ 
uct,  Du  Pont  Metal  Deactivator,  has  done  an  outstanding  job  since  its  introduc¬ 
tion  in  1939. 

Du  Pont  Metal  Deactivator  can  be  used  in  a  wide  variety  of  petroleum 
products  with  unique  and  beneficial  results.  The  benefits  of  DMD  arise  from  the 
fact  that  it  improves  product  stability  through  deactivation  of  copper  which  may 
enter  the  product  during  manufacture,  distribution,  or  use. 
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Copper  and  many  of  its  compounds  are  powerful  pro-oxidants  and,  as 
such,  are  detrimental  in  two  ways  to  the  quality  of  petroleum  products.  First,  cop¬ 
per  accelerates  the  rate  of  oxidation  of  hydrocarbons  by  promoting  degenerative 
chain  branching.  The  free  radicals,  which  are  developed  as  shown  below,  initiate 
the  chain  type  oxidation  and  polymerization  reactions  which  lead  to  gum  and 
sediment  formation. 


Cu  t  peroxide 
Cu+-f-  peroxide 


Cu+*  —  chain-initiating  free  radicals  or 
Cu++  -f  chain-initiating  free  radicals 


The  second  adverse  effect  of  copper  is  that  it  may  react  with  antioxidants 
which  arc  present  and  reduce  or  destroy  their  efficiency,  as  shown  below: 


Cu++  -f  antioxidant 


Cu+  +  (antioxidant— 1  electron)+ 


Du  Pont  Metal  Deactivator  (DMD)  prevents  these  undesirable  reactions 
by  combining  with  dissolved  copper  to  form  a  stable  chelate.  In  this  form  the 
copper  is  inactive  and  has  no  pro-oxidant  effect.  The  chelate  is  illustrated  sche¬ 
matically  below: 


There  is  a  popular  misconception  that  only  products  that  are  copper 
treated  arc  contaminated  with  copper  and  require  deactivation.  Since  as  little  as 
0.007  mg.  of  copper  per  liter  will  exert  a  harmful  pro-oxidant  effect,  virtually  any 
equipment  containing  copper  or  copper  alloys  is  a  potential  source  of  trouble.  Hy¬ 
drocarbon-soluble  copper  compounds  are  formed  by  the  reaction  of  copper  with 
phenols  or  acidic  materials  such  as  mercaptans.  The  following  schematic  diagram 
shows  some  of  the  possible  sources  of  copper  contamination  present  in  a  typical 
refinery. 


#  That*  ora  typical  points  lor  coppor  contamination. 


Many  additional  sources  of 
copper  contamination  are  encountered 
after  the  finished  product  leaves  the 
refinery.  Pipelines,  distribution  termi¬ 
nals,  and  pumps  with  their  brass  fil¬ 
ters,  copper  tubing,  and  bronze  fit¬ 
tings  are  a  further  source  of  contami¬ 
nation.  Refiners  have  no  control  over 
these  sources.  Du  Pont  Metal  Deacti¬ 
vator  offers  inexpensive  protection 
against  such  copper  contamination 
and  is  widely  used  for  this  purpose. 

In  a  recent  survey  of  241  service  station  samples  from  49  cities  in  the 
United  States  and  Canada,  91  per  cent  were  found  to  contain  copper  ranging  up  to 
0.9  mg.  per  liter. 
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DMD  is  widely  used  in  motor  gasolines  because  of  the  outstanding  bene¬ 
fits  that  accrue  from  its  use.  In  many  instances,  its  use  saves  the  refiner  money. 

Consider  the  refiner  who  desired  a  gum  level  of  10  milligrams  or  less  per 
100  milliliters  after  50  days  at  110°F.  He  was  using  12  pounds  of  Du  Pont  Gasoline 
Antioxidant  No.  5  per  1000  barrels  to  obtain  this  stability  level  and  his  treating 
cost  per  thousand  barrels  was  $6.72.*  This  gasoline  contained  only  a  trace  of  cop¬ 
per,  but  by  adding  one  pound  of  DMD  per  thousand  barrels  he  was  able  to  obtain 
the  desired  stability  level  with  only  three  pounds  of  Antioxidant  No.  5  per 
thousand  barrels.  The  treating  cost  per  thousand  barrels  was  reduced  to  $3-51* 
Thus,  this  refiner  reduced  costs  and  improved  product  quality,  since  the  amount 
of  DMD  used  also  protected  his  product  to  some  extent  against  the  effects  of 
additional  copper  contamination  after  leaving  the  refinery. 

The  cost  of  producing  high  octane  motor  gasolines  of  good  quality  is 
great.  The  use  of  DMD  at  a  concentration  of  1  pound  per  1000  barrels  to  protect 
that  quality  is  an  inexpensive  investment  amounting  to  less  than  M  of  a  cent  per 
barrel.  Examples  of  the  effect  of  DMD  in  increasing  the  storage  stability  of  typical 
gasolines  are  shown  below : 

'Calls  bated  an  prices  of  Du  Pont  Gatalint  Antioxidant  No.  J  and  Du  Pont  Metal  Deactivator  as  of  4/1/54. 
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DMD  enables  the  refiner  to  avoid  costly  customer  complaints,  as  well  as 
to  save  money.  In  one  instance,  a  refiner  who  was  adding  15  per  cent  casinghead 
gasoline  to  his  product  encountered  an  epidemic  of  complaints,  d  ;e  to  stuck  in¬ 
take  valves  caused  by  gum  in  the  gasoline.  In  order  to  maintain  customer  confi¬ 
dence,  the  refiner  had  to  pay  for  the  engine  repairs.  On  investigation,  it  was  found 
that  the  casinghead  gasoline  contained  copper,  and  the  complaints  were  eliminated 
by  using  DMD. 

Another  advantage  of  Du  Pont  Metal  Deactivator  in  motor  gasoline  is 
its  effectiveness  in  preventing  haze  formation  or  precipitation  in  leaded  gasolines. 
An  example  of  this  effect  is  shown  in  the  following  table. 


*  Du  font  GomRim  Antioxidant  No,  22. 


Deactivator  may  be  used  in  many  stocks  to  increase  ASTM  induction 
period  as  in  Case  I,  shown  below,  and  in  the  graphs  on  page  7. 


The  beneficial  effect  of  DMD  in  storage  is  often  much  greater  than  would 
be  anticipated  on  the  basis  of  accelerated  test  data.  This  is  illustrated  in  Case  2 
on  page  6. 


The  copper  dish  gum  test  is  not  considered  a  reliable  index  of  the  effec¬ 
tiveness  of  dcactivator,  since  the  large  area  of  copper  exposed  in  the  test  apparatus 
tends  to  nullify  the  effect  of  the  relatively  small  concentrations  of  the  additive. 
However,  a  beneficial  effect  is  sometimes  apparent  when  DMD  is  used  in  higher 
concentrations  with  an  antioxidant.  This  effect  often  enables  lower  copper  dish 
gum  results  to  be  obtained  from  a  combination  of  dcactivator  and  antioxidant  than 
by  the  use  of  either  material  alone.  This  effect  is  shown  in  the  following  example: 


EFFECT  OF 
ANTIOXIDANT 
AND  DMD  ON 
COFFER  DISH 
GUM 


DMD* 
Wt.  % 


0.004 


i  ■ 

'  ar.  4 . 4-v‘  t'lii' 


0.004 


.THERMALLY  CRACKKIGASOUNE  ^ 


AO-3’.*  COPPBI  DISH  GUM,  '  . 

Wl.  %  j  Mg. /1 00  Ml.  j 


J— Aef/v*  Ingndinnl  2 — Ou  htnt  GomHim  Antfojridoirt  No.  5 
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AVIATION  GASOLINES 


DMD  has  not  been  approved  for  use  in  aviation  gasoline.  However,  its  po¬ 
tential  usefulness  in  such  products  is  considerable  and  may  result  in  its  approval 
at  some  later  date. 

In  a  laboratory  study  of  several  aviation  gasolines  containing  less  than 
measurable  amounts  of  copper,  it  was  generally  found  that  supplementing  Du  Pont 
Gasoline  Antioxidant  No.  22  with  DMD  provided  a  means  of  obtaining  desired 
stability  at  lower  cost  with  less  total  additive.  A  typical  example  of  this  effect  is 
tabulated  below. 


The  effect  of  DMD  is  even  more  pronounced  in  stocks  that  have  been 
copper  sweetened.  At  times,  such  stocks  cannot  meet  the  storage  stability  require¬ 
ments  specified  for  aviation  gasolines.  Laboratory  experiments  have  demonstrated 
that  the  use  of  small  amounts  of  DMD  will  usually  provide  the  required  stability 
at  lowest  cost. 


\£n032.NES 

DMD  is  used  frequently  in  kerosine  and  is  particularly  useful  as  a  color 
stabilizer  in  stocks  that  have  been  copper  sweetened.  Dosages  range  between  one- 
quarter  and  two  pounds  per  thousand  barrels  of  product.  Shown  below  is  an  ex¬ 
ample  of  the  effectiveness  of  DMD  in  this  application : 


In  addition  to  its  color  stabilizing  properties,  DMD  has  been  found  to 
reduce  carbon  and  coke  formation  in  pot  burners  by  as  much  as  50  per  cent. 

JET  FUELS 

DMD  is  approved  for  use  in  jet  fuels  in  accordance  with  military  jet 
fuel  Specification  MIL-F-5624C.  This  Specification  permits  the  use  of  a  maxi¬ 
mum  of  2.0  pounds  of  metal  deactivator  (active  ingredient)  per  1,000  barrels  of 
jet  fuel. 

In  a  small-scale  jet  combustion  chamber,  difficulty  with  nozzle  fouling 
was  experienced  when  using  JP-4  referee  fuel.  This  difficulty  manifested  itself 
mainly  in  relighting.  Although  the  use  of  Du  Pont  Fuel  Oil  Additive  No.  2  ex¬ 
tended  the  number  of  times  that  the  burner  could  be  relighted,  the  further  addi¬ 
tion  of  2.6  pounds  of  DMD  per  thousand  barrels  eliminated  the  difficulty. 

9IESEL  OIL  AND  HOME  HEATING  OIL 

Du  Pont  Metal  Dcactivator  is  used  in  many  diesel  and  home  heating  oils 
for  one  or  more  of  the  following  reasons : 

•  To  prevent  color  deterioration 

•  To  improve  storage  stability 

•  To  prevent  the  formation  of  copper  mcrcaptide 
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DMD  should  not  be  mistaken  for  an  antioxidant  in  its  application  to 
distillate  fuels.  Although  DMD  is  of  great  value  when  used  alone  in  fuel  oils,  it  is 
of  maximum  value  when  used  in  combination  with  an  antioxidant  and  dispersant 
such  as  Du  Pont  Fuel  Oil  Additive  No.  2.  DMD  is  compatible  with  all  known 
fuel  oil  additives. 

In  many  fuel  oils,  DMD  will  prevent  color  deterioration  caused  by  copper 
catalyzed  reactions. 

It  is  well  known  that  the  most  severe  conditions  of  storage  occur  when 
a  fuel  comes  in  contact  with  copper  or  copper  and  sea  water.  These  conditions  are 
difficult  to  avoid  in  the  distribution  of  distillate  fuels,  but  DMD  will  improve  the 
storage  stability  of  such  fuels  by  combating  the  harmful  effects  of  copper. 

The  problem  of  copper  mercaptide  formation  in  diesel  and  heating  oils 
is  serious,  since  the  reaction  of  the  mercaptans  with  copper  or  brass  can  plug  filters 
and  stop  the  flow  of  oil.  This  reaction  bears  no  relationship  to  the  stability  of  the 
oil.  It  can  occur  in  a  stable  oil  that  does  not  have  a  significant  amount  of  insoluble 
residue,  as  well  as  in  a  less  stable  oil  from  which  insoluble  residue  has  been  re¬ 
moved  by  a  filter.  The  copper  mercaptides  appear  on  the  copper  or  brass  parts  as 
white  to  yellow  waxy 

These  copper  mercaptides  are  formed  through  a  scries  of  oxidation-reduc¬ 
tion  reactions  in  a  hydrocarboa  system  which  contains  copper  or  brass,  mercaptan, 
and  an  oxidized  hydrocarbon  such  as  a  peroxide.  The  sequence  of  the  most  impor¬ 
tant  reactions  is  as  follows : 

1.  The  oxidation  of  elemental  copper  to  copper  ions  by  a  peroxide. 

Cu°  +  ROOH  - ►  Cu  ♦  or  Cu++ 

or 

ROOR 

2.  The  reaction  of  copper  ions  with  mercaptans  to  form  copper  mercaptide. 

Cu+  +RSH - ►  CuSR+  H+ 

or 

2Cu++  +4RSH - ►2CuSR+RSSR  +  4H* 

3.  The  oxidation  of  mercaptan  by  a  hydroperoxide,  catalyzed  by  copper 
ions,  to  form  disulfides  and  reduction  products  of  hydroperoxides. 

RS-SR+  other  oxidation  prod¬ 
ucts  such  as  RCHO, 
ROH,  RCO-R  or  more 
complicated  sulfur- 
oxygen  compounds. 


Some  mercaptans,  such  as  normal  butyl  mercaptans,  form  mercaptides 
chat  arc  insoluble  in  fuel  oil.  Others,  such  as  tertiary  butyl  mercaptan,  form  mcr- 
captidcs  which  arc  relatively  soluble.  Therefore,  the  copper  mercaptides  either 
form  a  residue,  which  may  plug  a  filter,  or  provide  a  means  of  solubilizing  copper. 
The  fuel-soluble  copper  mercaptides  will  accelerate  the  residue-forming  reactions 
of  fuel  oil. 

The  reactions  listed  above  can  be  eliminated  by  the  following  procedures : 

9  Remove  or  convert  the  mercaptans. 

•  Reduce  the  formation  of  peroxide  by  minimizing  contact  with  oxygen. 

9  Remove  sources  of,  or  contact  with,  copper. 

9  Add  DMD  to  prevent  mcrcaptide  formation. 

The  first  three  procedures  are  all  difficult  and  expensive  means  for  mini¬ 
mizing  the  deleterious  effects  of  copper  and  mercaptans.  The  preferred  and  eco¬ 
nomical  method  for  controlling  these  reactions  is  to  deactivate  the  copper  chemi¬ 
cally  by  using  DMD.  The  treatment  is  economical  and  has  been  accomplished  with 
as  little  as  one-half  pound  per  thousand  barrels.  The  effectiveness  of  Metal  De- 
activator  in  controlling  this  reaction  in  the  presence  of  copper  is  shown  below  for 
two  concentrations  of  mercaptan  sulfur. 


EFFECT  OF  METAL  DEACTIVATOR  IN  CONTROLLING  THE  REACTION 
OF  MERCAPTAN  AND  HYDROPEROXIDE  IN  PRESENCE  OF  COPPER 


■ "  —  WITHOUT  METAL  DEACTIVATOR 
—  —WITH  METAL  OEACTIVATOR 
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TURBINE  OILS 


The  use  of  Metal  Deactivator  in  turbine  oils  is  frequently  beneficial  in 
actual  service;  however,  this  is  sometimes  difficult  to  demonstrate  in  accelerated 
tests  such  as  ASTM-D-943  “Oxidation  Characteristics  of  Inhibited  Steam-Turbine 
Oils.''  This  is  due  to  the  large  area  of  copper  wire  catalyst  used  in  the  test  and  the 
long  period  of  the  test  (1000  hours).  The  small  amounts  of  DMD  normally  used 
in  hydrocarbons  would  be  consumed  early  in  the  test. 

Other  additives,  such  as  Du  Pont  Phenyl-alpha-Naphthylamine  and  “Or- 
tholeum' '  300  Grease  Stabili2er,  also  improve  the  quality  of  turbine  oil  and  permit 
these  oils  to  pass  tests  such  as  ASTM-D-943. 

GREASES 


Du  Pont  Metal  Deactivator  has  been  successfully  used  in  bearing  greases. 
It  is  frequently  combined  with  an  antioxidant  such  as  Phcnyl-alpha-Naphthyl- 
amine  or  “Ortholcum"  300  in  these  applications. 


PECIAL.  APPLICATIONS' 


DR1  VE-AWAY  GASOLINE 

Drivc-away  gasoline  is  a  term  that  refers  to  gasolines  of  unusually  good 
storage  stability.  These  contain  as  much  as  12  pounds  of  Metal  Dcactivator  per 
1000  barrels  in  addition  to  the  normal  concentration  of  a  gasoline  antioxidant.  As 
the  name  implies,  these  gasolines  arc  used  for  the  initial  fill  of  new  equipment  so 
that,  after  extensive  storage  and  transportation,  the  engines  can  be  operated  on 
the  original  fill  of  gasoline  without  fear  of  gum  trouble. 

In  certain  rare  instances,  the  use  of  high  concentrations  of  DMD  in  fuel 
systems  containing  copper  has  resulted  in  the  formation  of  sufficient  quantities  of 
the  copper  chelate  to  give  the  gasolines  a  green  color.  If  the  gasoline  is  evaporated, 
the  residue  may  also  have  the  green  color  of  the  chelate.  This  effect,  to  our  knowl¬ 
edge,  has  never  caused  any  difficulty. 


GUM  PREVENTIVE  COMPOUND 

Prior  to  the  use  of  drive-away  gasolines,  a  mixture  known  as  Gum  Pre¬ 
ventive  Compound  was  added  to  the  fuel  tank  at  the  time  of  the  initial  fill  or  be¬ 
fore  vehicle  storage.  The  composition  was  as  follows: 
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4  Ounces  (fluid)  Solvent — (Benzene,  Toluene,  or  Alcohol) 

3  Grams  Metal  Deactivator* 

2  Grams  Antioxidant*  (AO-5  or  AO-22) 

•Acuw  Inpradwot 

The  additive  concentrate  described  above  was  added  to  tanks  containing 
up  to  30  gallons  of  gasoline,  thus  providing  approximately  10.0  additional  pounds 
of  DMD  per  1000  barrels  and  6.7  pounds  of  antioxidant. 

S'.VESTSN  !NG 

Du  Pont  Gasoline  Antioxidant  No.  22  is  becoming  increasingly  popular 
as  a  sweetening  agent  for  gasolines.  When  DMD  is  used  in  stocks  sweetened  by 
this  process,  addition  should  be  made  after  the  sweetening  has  been  completed. 
There  are  two  reasons  for  this: 

1.  The  strong  alkalies  used  in  sweetening  may  extract  a  portion  of  the 
dcactivator. 

2.  While  there  are  indications  that  the  copper  chelate  of  Metal  Deacti¬ 
vator  increases  the  rate  of  sweetening,  uncombined  dcactivator  slows 
the  antioxidant  sweetening  reaction. 


DU  PONT  METAL  DEACTIVATOR:  COMPOSITION'  AND;  PROPERTIES 


CHEMICAL  COMPOSITION 

DMD  is  an  80  per  cent  by  weight  solution  of  N,N'-disalicylidenc-l,2-pro- 
panediamine  in  an  organic  solvent.  The  structural  formula  of  the  active  constituent 
is  illustrated  below: 


PHYSICAL  PROPERTIES 

Du  Pont  Metal  Dcactivator  is  a  clear,  dark  amber  liquid  with  the  follow¬ 
ing  typical  properties : 


THERMAL  DECOMPOSITION 


Laborat  sry  tests  indicate  that  the  active  ingredient  of  Metal  Deactivator 

is  thermally  stauie  at  300°F.  Aoo  _ ,  -  ' 

At  540°F.,  the  material  boils  and  decomposes  rapidly  with  a  rapid  darkening  in 
color.  The  decomposition  products  arc  lower-boiling  compounds,  one  of  which 
is  phenol. 

Generally,  chelates  arc  more  stable  than  the  constituents  from  which 
they  are  formed  aud  it  is  believed  that  the  chelates  of  DMD  are  more  stable  than 
DMD  alone. 

MISCIBILITY 

At  temperatures  above  10°F.,  Du  Pont  Metal  Deactivator  is  miscible  in 
all  proportions  with  benzene  and  other  aromatic  solvents,  acetone,  methanol, 
xylenols,  and  Du  Pont  Gasoline  Antioxidants. 

It  disperses  readily  in  gasolines  and  distillate  oils  and  is  miscible  in  fin¬ 
ished  product  concentrations  at  all  temperatures.  At  moderate  temperatures,  the 
miscibility  of  DMD  is  greater  than  at  low  or  freezing  temperatures.  DMD  is  more 
soluble  in  gasolines  of  high  aromatic  or  olefin  content  than  in  straight  run  or  non- 
olcfinic  gasolines. 

LOW-TEMPERATURE  HANDLING 

DMD  is  normally  a  liquid  and  can  be  cooled  for  a  short  time  to  0°F.  with¬ 
out  crystallization.  However,  if  crystallization  occurs  during  storage,  the  product 
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can  be  rescored  to  a  liquid  scace  without  impairing  the  potency  or  efficiency  of  the 
product  by  warming  to  100°F.  or  slightly  higher.  The  container  should  be  rolled 
occasionally  to  hasten  reliquification.  Loss  of  solvent  in  these  operations  is  not 
usual,  since  xylene  has  a  boiling  point  of  284°F.  and  a  low  vapor  pressure  at  100°F. 

IXTSACTION 

Refiners  may  use  DMD  without  fear  of  extraction  by  the  water  bottoms 
of  tanks.  DMD  is  not  extracted  from  gasoline  by  water  solutions  having  pH 
values  in  the  range  of  4  to  8,  even  when  the  gasoline  and  water  solutions  are  in¬ 
timately  mixed.  Approximately  25  per  cent  of  the  DMD  is  extracted  by  water 
solutions  of  pH  10  and  50  per  cent  at  pH  12.  DMD  is  completely  extracted  by 
water  solutions  of  pH  2  or  below. 

Metal  Deactivator  should  not  be  added  prior  to  treating  processes  or 
where  there  is  a  possibility  of  contacting  strong  bases  or  acids,  since  in  these  in¬ 
stances  an  appreciable  loss  of  the  deactivator  would  occur. 


IFFECT  ON  ENG  9  ME  DEPOSITS 

By  preventing  gum  formation,  DMD  reduces  the  tendency  of  fuels  to 
cause  deposits  in  intake  systems,  combustion  chambers,  and  piston  skirts.  Normal 
dosages  of  DMD  in  gasoline  have  no  effect  on  bearing  corrosion,  as  measured  in 
the  CRC  L-4  engine  test. 

Intake  system  deposit  tests  have  been  conducted  using  a  single  cylinder 
engine  equipped  with  a  glass  manifold.  Results  of  these  tests  indicate  that  DMD 
does  not  increase  deposits  laid  down  by  a  fresh  base  fuel  plus  other  additives.  This 
is  illustrated  below: 


QUANTITY  REQUIRED 


The  amount  of  Du  Pont  Metal  Dcactivator  required  in  any  refinery  stream 
depends  on  the  concentration  and  nature  of  the  copper  present  in  that  stream  and 
on  the  possibility  of  copper  contamination  during  the  life  of  the  product  after  it 
leaves  the  refinery.  Dosages  vary  from  M  to  3  pounds  of  DMD  per  1000  barrels. 

The  concentration  of  DMD  required  in  a  gasoline  can  be  calculated  stoi- 
chiometrically  after  the  copper  content  of  a  product  has  been  determined.  Practical 
experience  has  demonstrated  that  approximately  1.2  times  the  stoichiometric  con¬ 
centration  is  desirable.  This  concentration  can  be  expressed  in  common  values 
as  follows : 

1.0  mg.  of  copper  per  liter  requires  approximately  2.0  pounds  of  Du  Pont 

Metal  Deactivator  per  1000  barrels  (0.0008  weight  per  cent) 


ADDITION 

The  concentration  of  Du  Pont  Metal  Dcactivator  required  is  very  low, 
therefore,  precautions  should  be  taken  to  insure  thorough  mixing.  This  may  be 
accomplished  cither  by  injecting  the  dcactivator  continuously  into  the  stream  as 
it  is  run  down  or  transferred  after  treating,  or  by  bulk  addition  with  vigorous 
agitation. 

A  good  method  of  adding  DMD  is  to  pump  directly  from  the  container 
into  the  stream  using  a  pump  capable  of  accurately  injecting  small  quantities.  A 
sketch  of  such  a  system  is  shown  in  the  figure  below: 


When  dcactivator  was  first  used,  stock  solutions  were  required  to  in¬ 
crease  the  volume  of  solution  and  compensate  for  the  lack  of  a  precision  pump. 
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Prcsenc-day  pumps10  arc  capable  of  accurately  injecting  less  than  one  pound  or 
less  of  DMD  per  day  using  the  principle  of  differential  pumping.10  Steel  tubing  and 
piping  are  recommended  for  transferring  DMD;  copper  tubing  is  not  recommended. 

In  many  instances  where  both  DMD  and  an  antioxidant  are  added,  it  is 
possible  to  combine  the  antioxidant  and  dcactivator  in  proper  ratio  and  use  only 
one  proportioning  pump.  If  the  two  are  added  separately  after  sweetening  opera¬ 
tions,  the  most  efficient  results  can  be  secured  by  adding  the  deactivator  before 
the  antioxidant. 

Although  injection  of  the  dcactivator  “as  received"  is  generally  satis¬ 
factory,  many  refiners  use  a  stock  solution.  In  instances  where  stock  solutions  are 
employed,  a  cracked  gasoline  and  additional  aromatic  solvent  such  as  benzene, 
xylene,  or  toluene  should  be  used  to  increase  the  solubility  of  the  dcactivator.  The 
stock  solution  should  be  stored  at  temperatures  above  70°F. 


®  Among  the  equipment  manufacturer?  offering 
suitable  injection  pumps  are:  Zenith  Products  Co., 
58  Chestnut  St.,  West  Newton  65,  Mass. ;  %Propor- 
tioneers%,  Inc.,  544  Harris  Ave.,  Providence  1, 
R.I.;  Hills- McCanna  Co  .  3015  North  Western 
Ave.,  Chicago  18,  III.;  Milton  Roy  Co.,  1300  East 
Mermaid  Lane,  Phila.  18,  Pa.;  Walter  H.  Eagan 
Co.,  Inc.,  1336  Fairmount  Ave.,  Phila.  30,  Pa.; 
Mangel,  Inc.,  315  Babcock  St.,  Buffalo  10,  N.  Y. 


®  Differential  pumping  involves  the  use  of  two  pumps.  The  first 
pump  takes  suction  from  the  DMD  drum  and  discharges  to  a  "T" 
fitting.  One  side  of  the  “T"  is  connected  to  che  rr-'duct  run-down 
line.  The  other  is  connected  with  the  suction  of  che  second  pump 
The  second  pump  discharges  to  the  supply  or  suction  line  of  the  first 
pump.  The  differential  between  the  capacities  of  the  two  pumps  is 
metered  through  the  "T."  This  system,  where  pump  sixes  and 
speeds  may  be  selected,  allows  almost  any  variation  m  a  low  range 
with  excellent  results. 


ANALYTICAL. 


In  problems  dealing  with  copper  contamination  and  deactivation,  it  is 
frequently  necessary  to  determine  the  concentration  of  copper  present.  Du  Pont 
Petroleum  Laboratory  Method  G2,  which  is  a  colorimetric  procedure  utilizing 
sodium  diethyldithiocarbamate  reagent,  is  an  accurate  and  moderately  rapid  pro¬ 
cedure  for  copper  determination  in  gasoline.  Copies  of  this  procedure  arc  available 
from  the  Du  Pont  regional  offices  or  laboratories. 

Another  useful  analytical  procedure  is  Du  Pont  Petroleum  Laboratory 
Method  G37  for  determining  the  amount  of  uncombined  deactivator  in  a  gasoline. 
This  procedure  is  useful  in  assisting  refiners  in  determining  their  margin  of  safety 
as  supplied  by  excess  deactivator.  Copies  of  this  analytical  procedure,  which  in¬ 
volves  the  use  of  an  ultraviolet  spectrophotometer,  also  are  available  upon  re¬ 
quest.  While  both  of  these  methods  are  quantitative,  they  can  be  readily  modi¬ 
fied  for  qualitative  determinations. 
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In  certain  instances,  refiners  are  faced  with  a  situation  wherein  an  un¬ 
known  quantity  of  deactivator  has  been  added  to  a  gasoline.  The  refiner  would 
like  to  know  if  all  of  the  copper  present  has  been  chelated  and,  if  not,  how  much 
additional  deactivator  is  needed.  This  can  be  determined  in  two  ways. 

The  first  method  would  be  to  determine  if  there  is  any  uncombined  de¬ 
activator  present  by  means  of  Du  Pont  Petroleum  Laboratory  Method  G37.  If  not, 
then  incremental  concentrations  of  DMD  should  be  added  to  the  gasoline  until 
analysis  shows  the  presence  of  sufficient  uncombined  DMD  to  indicate  the  desired 
margin  of  safety  against  copper  contamination  in  the  field. 

The  second  method  uses  the  induction  period  of  a  gasoline.  Incremental 
concentrations  of  DMD  arc  added  to  the  gasoline  until  there  is  no  further  increase 
in  induction  period.  An  excess  concentration  of  deactivator  can  be  determined  by 
adding  small  concentrations  of  copper  until  there  is  a  decided  decrease  in  the 
induction  period.  To  assure  consistent  and  reproducible  results,  it  is  important 
that  the  copper  solution  be  free  from  inorganic  copper  and  traces  of  other  metals. 
After  examining  and  evaluating  many  organic  copper  compounds,  the  Du  Pont 
Petroleum  Laboratories  have  standardized  on  the  use  of  cupric  2-ethyl  hexoatc 
(C„H„0,Cu)  dissolved  in  acetone.  The  effects  of  cooler  contamination  and 
response  to  Du  Pont  Metal  Deactivator  are  genera uy  uiurc  in  the 

presence  of  antioxidants. 

Because  of  the  precision  necessary  in  accurately  measuring  the  small 
quantities  of  deactivator  required  to  inhibit  laboratory  test  samples,  it  is  advisable 
to  prepare  dilute  stock  solutions  in  an  inert  solvent  such  as  anhydrous  C.P.  benzene 
and  to  transfer  the  requisite  volume  of  these  solutions  to  the  gasoline  samples  by 
means  of  a  pipette.  DMD  is  quite  viscous  and  it  is  recommended  that  it  be  meas¬ 
ured  gravimetrically  rather  than  volumetrically. 

The  volume  for  diluting  a  given  weight  of  the  additive  to  obtain  the  de¬ 
sired  concentration  when  1  ml.  of  the  stock  solution  is  added  to  100  ml.  of  gaso¬ 
line  can  be  calculated  as  follows : 


In  order  to  insure  that  the  volume  of  stock  solution  (V)  is  within  practical 
limits,  the  following  table  lists  the  approximate  amounts  of  DMD  required  for 


various  concentrations : 


*  Auuming  gaiolliw  vtlglhing  250  pounds  po r  borr*I. 


EXAMPLE: 


P=concentration  desired — 0.0001  weight  per  cent 
G=specific  gravity  of  gasoline — 0.714$  at  60°F. 

Wrwcight  of  approximately  0.02  ml.  of  deactivator — 0.0216  g. 


w_  W  _  0.0216 

~  PG“  0.0001  x  0.7146 


=  302  ml. 


The  addition  of  1  ml.  of  the  stock  solution  to  100  ml.  of  gasoline  will 
provide  a  DMD  concentration  of  0.0001  weight  per  cent. 


PRECAUTIONS  IN  HANDLING 

Skin  tests  on  animals  indicate  that  Du  Pont  Metal  Deactivator  can  cause 
skin  sensitization.  In  case  of  accidental  skin  contact,  wash  off  immediately  with 
plenty  of  soap  and  water.  Contaminated  clothing  should  be  laundered  before  re-use. 

Since  Du  Pont  Metal  Deactivator  contains  xylene,  it  should  not  be  stored 
or  handled  near  an  open  flame. 


PACKAGES 


The  standard  package  for  Du  Pont  Metal  Deactivator  is  a  non-returnable, 
synthetazine  lined  steel  drum  of  30  gallons  nominal  capacity.  The  net  weight  of 
each  standard  package  is  260  pounds  and  the  tare  weight  is  30  pounds. 

Smaller  quantities  of  deactivator  are  available  upon  request. 

SHIPPING  POINTS 

Stocks  of  Du  Pont  Metal  Deactivator  are  maintained  at  the  following 
convenient  locations: 

Carney's  Point,  New  Jersey 
Chicago,  Illinois 
Houston,  Texas  ‘ 

Los  Angeles,  California 
Tulsa,  Oklahoma 

From  these  locations  rapid  deliveries  can  be  made  to  all 
refinery  locations. 


PETROLEUM  CHEMICALS 
DIVISION 


Regional  Offices 


EASTERN  REGION 

1810  The  Americas  Building 
1270  Avenue  of  the  Americas 
New  York  20,  New  York 
COlumbus  5-3620;  LOngacre  3-6400 

MID-CONTINENT  REGION 

1811  South  Baltimore  Avenue 
Tulsa  14,  Oklahoma 

Tulsa  5-5578 

CENTRAL  REGION 

8  South  Michigan  Boulevard 
Chicago  3,  Illinois 
RAndolph  6-8630 
ANdover  3-7000,  Ext.  289 

GULF  COAST  REGION 

705-709  Bank  of  Commerce  Bldg. 
Houston  2,  Texas 
PRcston  2857;  CHarter  0401 

WEST  COAST  REGION 

Suite  560 

612  South  Flower  Street 
Los  Angeles  17,  California 
MAdison  5-1691 

EXPORT 

Petroleum  Chemicals  Export 
Nemours  Building,  6539 
Wilmington  98,  Delaware 

IN  CANADA 

Du  Pont  Company  of  Canada  Limited 
Petroleum  Chemicals  Division 
80  Richmond  Street  West, 

Toronto  1,  Ontario 
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Petroleum  Chemicals 


j  BDI-4H 


DC  I -4  A 

corrosion  inhibitor 


DCI-4A  is  an  effective  corrosion  inhibitor  for  aviation  and  motor  gasolines  and 
for  turbine,  jet  and  other  distillate  fuels.  It  protects  metal  surfaces  contacted  by  these 
fuels  during  transfer  and  storage  when  used  at  concentrations  ranging  from  1  to  8  lbs/ 
1000  bbl  (4-32  ppm). 

DCI-4A  is  approved  under  Military  specif! cation  MIL-I-25017C  for  fuel  soluble 
corrosion  inhibitors  over  a  concentration  range  of  2  to  8  lb/1000  bbl  (8  to  32  ppm). 
Under  this  specification,  the  relative  effective  concentration  (REC)  is  2  lb/1000  bbl 
(8ppm),  the  minimum  effective  concentration  (MEC)  is  3  lb/1000  bbl  (12  ppm),  and  the 
maximum  allowable  concentration  (MAC)  is  8  lb/1000  bbl  (32  ppm).  DCI-4A  also  has 
been  approved  for  use  in  fuels  meetfc  g  the  following  Military  and  Federal  specifications: 

Turbine  Fuel,  Grades  JP-4  and  JP-5 
Jet  Fuel,  Grade  JP-8 

Turbine  and  Jet  Engine  Fuel,  Thermally  Stable 
Gasoline,  Automotive,  Combat 
Gasoline,  Automotive 

Gasoline,  Automotive,  Low  Leaded  or  Unleaded 
DCI-4A  is  also  approved  for  use  in  the  following  turbine  fuels: 

General  Electric  Co.  D50TF2-S5 

Pratt  &  Whitney  Aircraft  FWA  522-J,  PWA  523-E  6  PWA  535 

Detroit  Diesel  -  Allison  EMS-64H 

Rolls  Royce  (Fuels  for  engines  RB211,  22B,  524,  and  524B) 

Civilian  Aviation  Authority,  England 

Ministry  of  Defense,  England  DERD  2461 

COMPOSITION  AND  PROPERTIES 

DCI-4A  is  a  clear,  dark  amber  colored  liquid  containing  only  carbon,  hydrogen 
and  oxygen  in  its  formulation.  The  following  properties  are  typical: 

0.94 
7.8 

-65  F  (-54  C) 


89  F  (31. 7C) 

0.00 

Completely  Miscible 


Specific  Gravity,  60/60  F  (15. 6/15. 6C) 
Density,  lb/gal,  60  F  (15. 6 C) 

Pour  Point 


Viscosity:  Temperature 

SUS 

cSt 

(See  Fig.  1)  210  F  (99C) 

56.1 

9.1 

100  F  (38C) 

270 

58.2 

32  F  (  0C) 

2053 

445 

Flash  Point,  Pens ky- Martens  Closed  Cup 
Ash  Content,  Wt% 

Solubility  in  Hydrocarbons 


MIL-T-5624K 

MIL-T-83133 

MIL-T  -25524B 

MIL-G-3056B 

W-G-76B 

W-G-001690A 
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CORROSION  INHIBITION 


As  indicated  in  Table  I,  DCI-4A  provides  excellent  rust  protection  in  hydrocarbon 
systems  as  manifested  by  results  obtained  using  the  National  Association  of  Corrosion 
Engineers,  NACE  TM-01-72  rust  test;  Military  specification  MIL- 1-25017 C  rust  test; 
and  ASTM  D  665A  rust  test. 


TABLE  I 


CORROSION  INHIBITING  PERFORMANCE  OF  DCI-4A 


lb  DCI-4A/1000  bbl  Required  to  Pass  Rust  Test* 

Motor 

Diesel  Fuel 

Rust  Test 

JP-4  Gasoline 

Fuel  Oil 

NACE  TM-01-72<1) 

1  3 

1  3 

100  F,  3-1/2  hr,  distilled 

finish 

MIL-I-25017C 

100  F,  5  hr,  medium  hard 
water,  400  grit  mirror  finish 

2  3 

3  3 

ASTM  D  665A  <3) 

100  F,  20  hr,  distilled  water, 
240  grit  mirror  finish 

2  3 

Rating  Systems 

3  4 

(!)  pass  -  B+  rating 

(2)  Pass  -  5  or  less 

(3)  Pass  -  Light  rust 

or  better  (less 

rust  spots  on 

(less  than  6  rust 

than  5%  rust) 

center  1-7/8" 
section  of  billet. 

spots) 

Fail  -  B  rating 

Fall  -  More  than  5 

Fail  -  Moderate  or 

or  poorer  (5%  or 

rust  spots  or  1 

heavy  rust  (6  or 

more  rust) 

rust  spot  greater 

more  rust  spots) 

than  1  mm  in 
diameter. 


*  All  untreated  fuels  failed  rust  tests  with  90  -  95%  rust. 
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WATER  TOLERANCE  AND  SEPAROMETER  TESTS 


At  normal  use  concentrations  DCI-4A  does  not  significantly  affect  the  water  re¬ 
tention  properties  of  jet  fuels  as  measured  by  ASTM  Method  D  2550,  Water  Separation 
Characteristics  of  Aviation  Turbine  Fuels  (Table  n).  Also,  DCI-4A  does  not  appear  to 
cause  an  inter -re action  between  fuels  and  water  as  measured  by  ASTM  Method  D  1094- 
72,  Water  Reaction  of  Aviation  Fuels  (Table  HI). 


TABLE  II 

DC1-4A  DOES  NOT  SIGNIFICANTLY  AFFECT 
WATER  RETENTION  PROPERTIES  -  ASTM  D  2550 


DCI-4A  Cone. , 

WSIM 

Fuels 

lb/1000  bbl 

Rating 

Bayol  R- 34/Toluene, 

0 

98 

n 

6 

86 

JP-4 

0 

78 

8 

81 

W  MIL-I-25017C  reference  fuel.  Rating  of  70  or  greater  is  passing. 


TABLE  IH 

DCI-4A  DOES  NOT  CAUSE  WATER  INTER-REACTION  OF  FUELS 

DCI-4A  Cone. , 

Water 

Fuels 

lb/1000  bbl 

Rating’ 

JP-4 

0 

lb 

8 

lb 

JP-5 

0 

lb 

8 

lb 

Commercial  Motor 

0 

1 

Gasoline 

8 

lb 

Isooctane 

0 

1 

8 

1 

’Values  of  2  or  greater  are  usually  considered  unsatisfactory. 


COMPATIBILITY  WITH  OTHER  ADDITIVES 


DCI-4A  is  compatible  with  all  fuel  soluble  corrosion  inhibitors  on  the  Qualified 
Products  List  (QPL)  of  specification  MIL-I-25017C.  No  visual  evidence  of  precipitation 
or  cloudiness  occurs  when  JP-4  fuel  containing  the  maximum  allowable  concentration  of 
8  lb  DCI-4A/1000  bbl  is  mixed  with  an  equal  volume  of  JP-4  containing  the  other  approved 
inhibitors  at  their  maximum  allowable  concentration. 

DCI-4A  is  compatible  with  other  commonly  used  fuel  additives  including  antioxi¬ 
dants  metal  deactivators,  metal  suppressors,  gasoline  multifunctional  additives,  fuel  oil 
additives  and  rust  inhibitors. 


DCI-4A  IS  ESPECIALLY  EFFECTIVE  IN  JET  FUELS 

DCI-4A  is  especially  cost  effective  in  jet  fuel  because  of  its  corrosion  inhibiting 
performance  and  its  excellent  lubricity  characteristics.  DCI-4A  has  a  minimal  effect 
on  WSIM  performance  when  used  either  alone  or  in  combination  with  other  additives  re¬ 
quired  in  jet  fuel. 

Test  with  DCI-4A  in  JP-5  Jet  Fuel  have  shown  a  50%  reduction  in  the  coefficient 
of  friction  when  the  additive  was  evaluated  at  7. 5  lb/1000  bbl  (30  ppm).  In  a^ucaer  siu_. 
DCI-4A  was  found  to  be  highly  effective  in  imparting  lubricity  to  JP-4  Jet  Fuel. 


STORAGE  STABILITY 


DCI-4A  is  not  affected  by  storage  temperatures  as  high  as  150  F  (65C)  for  pro¬ 
longed  periods  of  time.  Samples  of  DCI-4A  which  had  been  stored  at  a  temperature  of 
150  F  showed  no  visual  evidence  of  cloudiness  or  precipitation,  nor  were  the  antirust 
and  water  contact  properties  of  DCI-4A  affected  by  storage  conditions. 


HANDLING  PROPERTIES 

DCI-4A  may  be  unloaded  satisfactorily  without  heating  at  temperatures  as  low  as 
30  F  (-1C).  Heating  DCI-4A  for  purposes  of  accurate  metering  should  not  be  required 
at  temperatures  as  low  as  0  F  (-18C).  The  handling  characteristics  of  DCI-4A  as  a  func¬ 
tion  of  viscosity  versus  temperature  are  shown  in  Figure  1. 


PRECAUTIONS  IN  HANDLING  f 

Flammable.  Causes  irritation.  Keep  away  from  heat,  sparks  and  open  flame. 

Keep  container  closed.  Use  with  adequate  ventilation.  Avoid  contact  with  eyes,  skin 
and  clothing.  Wash  thoroughly  after  handling. 

fit  case  of  fire,  use  water  spray,  foam,  dry  chemical  or  COg. 
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FIRST  AID 


la  case  of  contact,  immediately  flush  eyes  with  plenty  of  water  for  at  least  15 
minutes.  Call  a  physician.  Wash  skin  with  soap  and  water. 


PACKAGES  AND  SHIPPING  POINTS 

The  standard  package  for  DCI-4A  is  a  non-returnable  55-gallon  (208  -  liter)  steel 
drum  containing  419  lb  (190  kg)  net  and  having  a  tare  weight  of  50  lb  (22. 7  kg).  Drum 
shipments  are  made  from  Deepwater,  New  Jersey,  and  the  following  warehouses: 

Billings,  Montana  Houston,  Texas 

Berlin,  Illinois  Kansas  City,  Missouri 

Des  Plaines,  Illinois  Los  Angeles,  California 

Amounts  smaller  than  the  standard  package  are  available  upon  request.  Bulk 
shipments  are  available  by  tank  car  or  tank  truck  from  Deepwater,  New  Jersey. 


ADDITIONAL  INFORMATION 

Additional  information  and  samples  can  be  obtained  from  any  of  the  Du  Pont  Petro¬ 
leum  Chemicals  Division  offices  listed  on  page  7. 
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TEMPERATURE.  DEGREES  FAHRENHEIT 
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Du  Pant  Petroleum  Chemicals 

UJilmmgtan.  Delaware  I9B9B 
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Petroleum  Chemicals 


DCI-BP 


DCI-6A 

corrosion  inhibitor 


DCI-6A  is  an  effective  corrosion  inhibitor  for  motor  gasolines,  jet  fuels  and 
other  distillate  products.  It  provides  excellent  protection  against  corrosion  during 
pipeline  transfer  and  storage  of  these  products.  It  protects  metal  surfaces  contacted 
by  these  fuels  during  transfer  and  storage  when  used  at  concentrations  ranging  from  l 
to  10  lb/1000  bbl  (4  to  40  ppm). 

DCI-6A  is  approved  under  Military  specification  MIL-I-25017C  for  fuel  soluble 
corrosion  inhibitors.  Under  this  specification,  the  relative  effective  concentration 
(REC)  is  2  lb/1000  bbl  (8  ppm),  the  minimum  effective  concentration  (MEC)  is  3  lb/1000 
bbl  (12  ppm),  and  the  maximum  allowable  concentration  (MAC)  is  8  lb/1000  bbl  (32  ppm). 
DCI-6A  also  has  been  approved  for  use  in  fuels  meeting  the  following  Military  :~A 
Federal  specifications: 


MIL-T-5624 

MIL-G-3056 

W-G-76 

W-G-001690 

W-F-800 


Turbine  Fuel,  Grades  JP-4  and  JP-5 
Gasoline,  Automotive,  Combat 
Gasoline,  Automotive 

Gasoline,  Automotive,  Low  Leaded  or  Unleaded 
Diesel  Fuels 


COMPOSITION  AND  PROPERTIES 

DCI-6A  is  a  clear,  dark  amber  liquid  containing  only  carbon,  hydrogen,  and 
oxygen  in  its  formulation.  The  following  properties  are  typical: 


Density  at  60  F  (18  C) 

g/ml. . . 0. 93 

Ib/gal .  7.8 

Pour  Point . . . below  -60  F  (-51  C) 

Flash  Point,  (Pensky-Martens  Closed  Cup) . 94  F  (34  C) 

Ash  Content,  wt% .  0. 0 

Solubility  in  Hydrocarbons . .Completely  Miscible 

Viscosity: 


Temperature 

sus 

cSt 

32  F  (  0C) 

2104' 

456 

100  F  (38C) 

233 

50 

210  F  (99C) 

52 

8 
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CORROSION  INHIBITION 


DCI-6A  provides  excellent  rust  protection  at  low  treating  levels  in  a  wide  variety 
of  fuels  including  leaded  and  unleaded  gasolines,  kerosine,  jet  fuels,  and  other  distil¬ 
late  products.  Because  of  higher  energy  costs  to  pump  liquids  through  rusted  pipe  as 
well  as  high  investments  associated  with  pipelines  and  other  product  handling  facilities, 
many  shippers  rely  on  inhibitors  to  provide  rust-free  protection  for  fuels.  DCI-6A 
imparts  this  high  degree  of  rust  protection  at  low  dosage  levels.  Usually  "A"  ratings* 
are  obtained  at  less  than  2. 0  lb/1000  bbl  (8  ppm).  Even  lower  inhibitor  levels  are 
satisfactory  if  performance  standards  such  as  a  "B+"  rating  by  the  NACE  test  are 
acceptable.  Table  I  below  illustrates  the  DCI-6A  concentrations  to  achieve"A"  ratings 
in  a  wide  variety  of  commercial  fuels: 


TABLE  I 

DCI-6A  IS  EFFECTIVE  AT  LOW 
CONCENTRATIONS  IN  A  WIDE  RANGE  OF  FUELS 


Fuel _ 

Leaded  Regular  Gasoline 

Leaded  Regular  Gasoline 
Leaded  Premium  Gasoline 

Unleaded  Regular  Gasoline 
Unleaded  Regular  Gasoline 
Leaded  Regular  Gasoline  +10%  Ethanol 
Leaded  Regular  Gasoline  +5%  t-Butanol 

JP-4  Jet  Fuel 
JP-4  Jet  Fuel 
JP-4  Jet  Fuel 
Jet  A  Fuel 

Kerosine 

Grade  No.  1  Diesel  Fuel 
Grade  No.  2  Diesel  Fuel 
Grade  No.  2  Fuel  Oil 


_ NACE  Rust  Test  Rating* _ 

No  DCI-6A,  lb/1000  bbl 

Additive  M  M  LI  1VT  2J2 

C  A 

C  A 

C  A 

D  A 

B  A 

C  -  -  A 

E  -  -  -  B  -  A 

E  -  B++  -  A 

E  -  -  B  B++  A 

E  -  B++  A 

B  -  -  A 

D  -  -  A 

D  -BA 

D  -  A 

C  -  -  B+  A 


♦National  Association  of  Corrosion  Engineers,  NACE  TM-01-72  rust  test.  Test  con¬ 
ditions  100  F,  3-1/2  hours,  distilled  water,  100  grit  cross  hatch  finish. 


Rating  Proportion  of  Test  Surface  Rusted  _ 

A  None 

B++  Less  than  0. 1%  (2  or  3  spots  of  no  more  than  1mm  diameter) 

B+  Less  than  5% 

B  5  to  25% 

C  25  to  50% 

D  50  to  75% 

E  75  to  100% 
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The  performance  of  DCI-6A  is  outstanding  when  compared  to  other  leading 
inhibitors.  This  performance  is  summarized  in  Table  n.  The  competitive  corrosion 
inhibitors,  labeled  as  "Cl-  ",  are  materials  qualified  under  QPL-25017-11. 


TABLE  fi 

COMPARISON  OF  DCI-6A  &  COMPETITIVE  INHIBITORS 


Additive 

DCI-6A 

CI-24 

Cl- 7  6 

CI-81 

CI-99 

a-105 

CI-106 

a-107 

CI-109 

CI-114 

a-115 

CI-116 


Additive  Levels  (lb/1000  bbl)  Required  to  Obtain 
Rust  Free  "A"  Ratings  by  NACE  TM-01-72  Test* 
Regular  Gasoline*  JP-4  Jet  Fuel’1'  No.  2  Fuel  Oil* 

113 
3.4  4 


6 


3 


7 


2  4  5 

4  3  6 

4  4  9 

5  5  6 


3 


2 


7 


6 


5 


6 


4  4  4 

6  5  7 


6 


6 


8 


♦Regular  grade  gasoline  and  JP-4  jet  fuel  had  "E"  ratings  before  inhibitor  addition. 
The  No.  2  Fuel  Oil  had  a  "D"  rating  before  inhibitor  addition. 


A-86 


WATER  TOLERANCE  AND  WATER  SEPAROMETER  TESTS 


At  normal  use  concentrations,  DCI-6A  does  not  affect  significantly  the  water 
separometer  ratings  of  jet  fuels  as  measured  by  ASTM  Method  D-2550  and  has  only  a 
modest  effect  at  8  lb/1000  bbl  (32  ppm),  the  maximum  allowable  concentration  under 
MTL-I-25017C  (Table  HI).  Further,  DCI-6A  does  not  cause  an  Interaction  between 
fuels  and  water  as  measured  by  ASTM  Method  D-1094-72,  Water  Reaction  of  Aviation 
Fuel  (Table  HI). 


TABLE  ffl 

DCI-6A  DOES  NOT  SIGNIFICANTLY  AFFECT 
WATER  RETENTION  PROPERTIES  (ASTM-D-2550)  OR 
WATER  INTERACTION  PROPERTIES  (ASTM-D-1094-72)  OF  FUELS 


DCI-6A  Cone. , 
Fuel  Lb/1000  Bbl. 


ASTM-D-2550  ASTM-D-1094-72 

WSIM  Rating  (1)  Water  Ratlng(2) 


JP-4  0 

3 
8 

Jet  A  0 

3 
8 


100  1 

w 

82  1 

95  1 

89  1 

83  1 


(1)  Water  Separation  Index,  Modified  (WSIM)  rating  of  70  or  greater  is  passing. 


(2)  Values  of  1  and  lb  are  considered  satisfactory. 


THERMAL  OXIDATION  STABILITY  TEST  (JFTOT) 

DCI-6A  does  not  affect  the  thermal  stability  of  jet  fuels  as  measured  by  the 
Thermal  Oxidation  Stability  Test  (JFTOT)  ASTM-D-3241.  JFTOT  data  shown  below 
in  Table  IV  were  developed  using  a  thermally  stable  fuel.  Fuel  No.  1,  having  a  break 
point  greater  than  371  C  (700  F)  and  a  less  stable  fuel,  Fuel  No.  2,  having  a  break 
point  at  284  C  (541  F).  Test  data  for  these  fuels  were  developed  at  371  C  (700  F)  and 
271  C  (520  F),  respectively. 
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TABLE  IV 

THERMAL  OXIDATION  STABILITY  TEgT.  ASTM-D-3241 


DCI-6A 

Jet  Fuel  Lb/1000  bbl 

Fuel  No.  1  None 

8 


Max.  Visual  Max.  Pressure  Drop, 
Ratine*  mm  Hg»*  _ 

1  0 

1  0 


Fuel  No.  2  None 
8 


1 

2 


0 

0 


*  Passing  rating  is  3  or  less 
**Passing  rating  is  25  nun  Hg  or  less. 


COMPATIBILITY  WITH  OTHER  APPROVED  CORROSION  INHIBITORS 

DCI-6A  is  compatible  with  all  corrosion  inhibitors  on  the  Qualified  Products 
List  (QPL)  of  specification  MIL-I-2S017C.  No  visual  evidence  of  precipitatica  aa 
cloudiness  occurred  when  JP-4  fuel  containing  8  lb  DCI-6A/1000  bbl  was  mixed  with 
an  equal  volume  of  JP-4  containing  the  other  approved  inhibitors  at  their  maximum 
allowable  concentrations. 


COMPATIBILITY  WITH  OTHER  ADDITIVES 

DCI-6A  is  compatible  with  other  commonly  used  fuel  additives  including  anti¬ 
oxidants,  metal  deactivators,  metal  suppressors,  gasoline  multifunctional  additives, 
fuel  oil  additives,  and  anti-icers. 


HANDLING  PROPERTIES 

DCI-6A  has  good  low  temperature  handling  properties.  Xylene  may  be  added 
to  facilitate  unloading  characteristics  at  temperatures  below  30  F  (-1  C)  if  desired. 
The  viscosity  versus  temperature  characteristics  of  DCI-6A  are  shown  in  Figure  I. 
Viscosity  curves  for  xylene  dilutions  of  DCI-6A  are  also  shown. 

DCI-6A  has  been  stored  at  140  F  (60  C)  for  periods  in  excess  of  six  months 
without  deleterious  effect  on  product  quality. 

DCI-6A  may  be  added  to  a  fuel  either  concentrated  or  in  a  stock  solution  using 
a  pump  or  an  eductor  system. 
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VISCOSITY  CHARACTERISTICS  OF  DCI-6A 
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PRECAUTIONS  IN  HANDLING 


Flammable.  Causes  Irritation.  Keep  away  from  beat,  sparks  and  open  flame. 
Keep  container  closed.  Use  with  adequate  ventilation.  Avoid  contact  with  eyes,  skin 
and  clothing.  Wash  thoroughly  after  handling. 

In  case  of  fire,  use  water  spray,  foam,  dry  chemicals  or  CO2. 


FIRST  AID 

In  case  of  contact,  immediately  flush  eyes  with  plenty  of  -water  for  at  least  15 
minutes.  Call  a  physician.  Wash  skin  with  soap  and  plenty  of  water. 


PACKAGES  AND  SHIPPING  POINTS 

The  standard  package  for  DCI-6A  is  a  non-returnable  55-gallon  steel  drum  con¬ 
taining  400  lb  net  and  having  a  tare  weight  of  50  lb.  Drum  shipments  are  mauc  n-01^ 
Deepwater,  New  Jersey,  and  the  following  warehouses: 

Billings,  Montana  Kansas  City,  Missouri 

Chicago,  Illinois  Los  Angeles,  California 

Houston,  Texas 

Amounts  smaller  than  the  standard  package  are  available  upon  request.  Bulk  ship¬ 
ments  are  available  by  tank  car  or  tank  truck  from  Deepwater,  New  Jersey. 

ADDITIONAL  INFORMATION 

Additional  Information  and  samples  can  be  obtained  from  any  of  the  Du  Pont 
Petroleum  Chemicals  Division  offices  listed  on  page  8. 
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FUEL  OIL  ADDITIVE  No.  3 

FOA-3  is  an  outstanding  antioxidant  for  diesel  and  fuel  oils.  It  is  ashless,  has 
excellent  handling  properties,  is  not  extracted  by  water,  and  does  not  contribute  to 
water  hazing  or  emulsification.  Maximum  benefits  can  be  obtained  by  the  addition  of 
FQA-3  to  fresh  fuel  oil,  or  to  its  components,  as  it  comes  from  the  production  unit  or 
as  soon  thereafter  as  is  practical.  FOA-3  is  compatible  with  other  fuel  additives  and 
may  be  used  to  advantage  in  combination  with  such  products  as  Du  Pont  Metal  Deacti¬ 
vator  and  dispersant-type  additives  such  as  Du  Pont  FOA-2. 

USE  CONCENTRATIONS 

Recommended  use  concentrations  for  FQA-3  will  vary  with  the  fuel.  It  is  ex¬ 
pected  that  dosagp  will  range  from  1  to  20  lb/1000  bbl  (approx.  4  to  70  ppm). 

PHYSICAL  PROPERTIES 

Du  Pont  Fuel  Oil  Additive  No.  3  is  a  straw  colored  liquid  having  an  amine  odor 
and  is  characterized  by  the  following  typical  properties: 


Ash,  wt  % 

A  STM  Color 

Density,  g/ml  at  60  F  (16  C) 
Density,  lb/gal  at  60  F  (16  C) 
Flash  Point,  Tag  Closed  Cup 
Pour  Point 

Base  Number  (TBN-E) ,  mg  KOH/g 
Solubility  in  Kerosine 
Solubility  in  No.  2  Fuel  Oil 
Solubility  in  Water 
Viscosity,  Temperature 
210  F  (99  C) 

100  F  (38  C) 

0  F  (-18  C) 


0.00 
LI.  0 
0. 86 


7.2 

104  F  (40  C) 

Below  -  70  F  (-57  C) 
425 


Completely  soluble 
Completely  soluble 
Approx.  1.5% 
cSt  SUS 

0.6 
1.2 

3.3  37 
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STABILIZATION 


FOA-3  retards  the  formation  of  color  and  other  degradation  products 
in  fuel  oils.  In  laboratory  accelerated  storage  stability  tests,  FOA-3-treated 
fuels  show  significantly  less  insoluble  residue  formation  and  better  color  than 
untreated  fuels.  The  data  accumulated  in  such  tests  and  brief  descriptions  of 
the  test  procedures  are  presented  in  the  following  sections. 


* 


Advantage  of  Early  Addition  of  FOA-3 

FOA-3  is  particularly  effective  when  added  to  hot,  freshly  produced  fuels 
and  provides  the  lowest  treating  cost,  for  a  given  stability  level,  of  all  the  com¬ 
mercially  available  fuel  oil  antioxidants.  Antioxidants  probably  function  by 
interfering  with  reactions  involving  sulfur,  nitrogen,  and  oxygen  containing 
compounds  in  the  fuel  which,  if  unchecked,  form  products  which  are  both  in¬ 
soluble  in  the  fuel  and  cause  color  formation.  Because  of  the  manner  in  which 
amines  function,  it  is  generally  desirable  to  add  them  to  the  unstable,  cracked 
components  of  the  fuel  as  early  as  possible  in  the  refining  process. 

Du  Pont  Technical  Memorandum  FO-5019,  "Advantages  of  Early  Addi¬ 
tion  on  the  Performance  of  Du  Pont  FOA-3  and  Other  Amines  as  Fuel  Oil  Staoi- 
lizers"  discus  js  this  feature  in  more  detail. 


ASTM  D  2274-70  Accelerated  Stability  Test  for  Distillate  Fuel  Oil 

This  procedure  involves  aging  fuel  at  203  F  (95  C)  for  16  hours  while 
oxygen  is  bubbled  through  the  sample.  Seductions  in  insolubles  and  color  stabi¬ 
lization  were  obtained  by  the  use  of  FOA-3  in  this  test  as  shown  below: 


FOA-3  IMPROVES  THE  STABILITY  OF  NO.  2 
FUEL  OIL  IN  THE  ASTM  D  2274  TEST 


Total  Insolubles, 

Filtrate  Color  -  ASTM  D  1500 

FOA-3 

mg/100  ml 

(Initial  Color  in  Parenthesis) 

Cone., 

Fuel  Oil 

Fuel  Oil 

lb/1000  bbl 

.  JL 

_B _ C _ D 

E 

F 

A  B  C  D  E  F 

(1.5)  (475)  (TT5)(fXo)(Li.  5)  (H75) 

None 

5.7 

1.3  4.9  2.3 

6.9 

3.0 

5.0  5.0  4.0  3.5  L5.5  L3.5 

5 

0.7 

0.8  1.1  0.9 

0.8 

1.2 

2.5  5.0  3.0  L3.5  L2.5  L2.5 

10 

0.6 

0.8  0.9  0.8 

0.7 

1.0 

2.5  L5.0  L3.0  L3.5  2.0  2.0 

15 

0.6 

0. 7  0. 7  0. 7 

0.5 

0.7 

2. 5  L5. 0  L3. 0  L3. 5  L2.0  L2.0 

NOTE:  1  lb/1000  bbl  equals  2. 85  ppm  on  a  weight/volume  basis.  For  distillate 

ftiels  of  0.84  specific  gravity,  1  lb/1000  bbl  equals  approximately  3.4  ppm  on 
a  weight/weight  basis. 
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300  F  Accelerated  Test  —  Du  Pont  Petroleum  Laboratory  Method  F  21-61 

In  this  procedure,  samples  are  aged  for  90  minutes  at  300  F  (149  C), 
allowed  to  cool,  and  filtered  through  paper.  Performance  of  the  fuels  is  ex¬ 
pressed  in  terms  of  a  visual  rating  scale  of  1  to  20  based  on  the  arrmimt.  of 
material  on  the  filters.  The  lower  the  rating  the  more  stable  the  fuel.  Many 
fuels  exhibit  excellent  response  to  FOA-3  in  this  test  as  shown  in  the  following 
table. 


FOA-3 

Cone., 


FOA-3  IMPROVES  HIGH  TEMPERATURE  STABILITY 
_ IN  THE  300  F  (149  C)  TEST _ 

_ Filter  Rating  (1  =  Clean! _ 

Fuel  Oil 


lb/1000  bbl 

A 

C_ 

D_ 

_E_ 

_F 

G_ 

H_ 

None 

19 

12 

17 

13 

20 

15 

18 

12 

18 

5 

7 

8 

12 

7 

7 

9 

3 

- 

11 

7.5 

- 

- 

- 

- 

- 

- 

- 

1 

- 

10 

5 

8 

5 

5 

4 

9 

- 

- 

- 

15 

5 

7 

4 

4 

3 

9 

“ 

— 

Filtrate  Color  -  ASTM  D  1500  (Initial  Color  in  Parentheses) 

(1.5) 

(4.0) 

(1.0) 

(L2. 0) 

(LI.  5) 

(LI.  0) 

- 

- 

- 

None 

D8.0 

6.5 

7.5 

L5.0 

D8.0 

5.5 

D8.0 

L3.0 

D8.0 

5 

4.0 

5.5 

5.5 

L3.5 

L4.0 

L4.5 

L2.5 

- 

L2.5 

7.5 

- 

- 

- 

- 

- 

- 

- 

LI.  5 

- 

10 

3.0 

5.5 

4.0 

3.0 

L3.0 

L4.5 

- 

- 

- 

15 

3.0 

5.5 

3.5 

L3.0 

L2.5 

L4.0 

- 

- 

— 

110  F  Storage  Test 

In  this  test,  fuel  is  stored  at  110  F  (43  C)  in  vented  bottles  and  periodic 
determinations  are  made  of  changes  in  significant  properties.  One  week  in  110  F 
(43  C)  storage  is  considered  approximately  equivalent  to  one  month  in  normal 
field  storage. 

As  shown  by  the  data  in  the  following  table,  FOA-3  provides  good  control 
of  insoluble  residue  in  this  test. 
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EFFECT  OF  FOA-3  ON  STORAGE  STABILITY 
IN  110  F  (43  Cl  STORAGE  TESTS _ 


FOA-3 

Weeks 

Insoluble  Residue, 
mg/100  ml 

Filtrate  Color  -  ASTM  D  1500 
(Initial  results  in  parenthesis) 

Cone. , 

at 

Fuel  Oil 

Fuel  Oil 

lb/1000  bbl 

110  F  (43  Cl 

A 

B 

C 

A 

B 

C 

None 

0 

0.6 

0.4 

0.3 

(1.5) 

(4.0) 

(1.0) 

4 

2.4 

1.4 

1.2 

3.5 

5.0 

3.5 

8 

4.6 

2.2 

3.1 

L5.5 

L5.5 

4.0 

10 

4 

1.1 

0.6 

0.8 

2.5 

5.5 

3.5 

8 

0.7 

1.6 

1.4 

2.5 

L5.5 

L4.5 

20 

4 

0.9 

1.3 

0.9 

2.5 

5.5 

3.5 

8 

0.8 

1.9 

1.3 

2.5 

L5.5 

4.5 

Great  Lakes  Pipeline  Accelerated  Stability  Test  for  No.  2  Fuel  Oils 

In  this  test,  samples  of  fuel  oil  are  aged  16  hours  at  212  F  (100  C)  under 
100  psig  oxygen  in  a  bomb,  then  cooled,  filtered  and  the  soluble,  insoluble  and  total 
gum  determined.  The  color  of  the  filtrate  is  also  measured. 

FOA-3,  alone  or  in  combination  with  DMD,  is  effective  in  reducing  gum 
formation  in  this  test  as  is  evidenced  by  the  data  summarized  in  the  table  on  the 
opposite  page. 


WATER  EXTRACTABILITY 

Samples  of  fuel  with  and  without  FOA-3  were  shaken  vigorously  for  10 
minutes  with  ten  percent  tap  water.  The  300  F  stability  test  (Petroleum  Laboratory 
Method  F21-61)  was  run  on  the  samples  both  before  and  after  water  extraction.  Water 
washing  had  no  effect  on  the  stabilization  properties  of  FOA-3  as  illustrated  in  the 
following  table: 


STABILIZATION  OF  FUEL  CONTAINING  FOA-3  IS  NOT 
_ AFFECTED  BY  WATER  WASHING _ 

(300  F  Accelerated  Stability  Test) 


FOA-3, 

Blotter  Rating 

Color  -  ASTM  D  1500 

lb/1000  bbl 

Unwashed 

Washed 

Unwashed 

Washed 

0 

17 

16 

L8.0 

7.0 

7.5 

1 

1 

LI.  5 

LI.  5 
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FOA-3  RETARDS  GUM  FORMATION 
IN  THE  GREAT  LAKES  PIPELINE  TEST 


Additive  Concentration, 
lb/1000  bbl 

Gum, 

Soluble 

mg/100  ml 
Insoluble 

Total 

Color, 

ASTM  D  1500 

Fuel  G 

None 

31.2 

17.2 

48.4 

L6.0 

6  FOA-3 

12.6 

4.2 

16.8 

L4.0 

5  FOA-3  +  0. 5  DMD 

9.6 

2.2 

11.8 

L3.5 

Fuel  H 

None 

26.4 

14.4 

40.8 

5.5 

5  FOA-3 

12.4 

5.6 

18.0 

L4.0 

35  FOA-3 

4.8 

3.8 

8.6 

3.0 

Fuel  I 

None 

51.6 

27.2 

78.8 

L7.0 

3  FOA-3 

33.6 

16.2 

49.8 

L6.5 

5  FOA-3 

24.4 

13.6 

38.0 

L6.5 

7. 5  FOA-3 

23.2 

12.4 

35.6 

L5. 5 

10  FOA-3 

19.4 

7.6 

27.0 

L5.0 

15  FOA-3 

14.8 

4.4 

19.2 

L4.5 

3  FOA  -3  +  0. 5  DMD 

30.8 

13.6 

44.4 

L6.0 

5  FOA-3  +  0. 5  DMD 

24.0 

11.6 

35.6 

L5.5 

15  FOA-3  +  0. 5  DMD 

9.4 

3.4 

12.8 

L3.5 

WATER  CONTACT  PROPERTIES 


Because  of  its  chemical  composition,  FOA-3  has  little  or  no  effect  on  the 
tendency  of  fuel  oils  to  form  haze  or  emulsions  when  mixed  with  water.  Also,  FQA-3 
has  no  adverse  effect  on  the  rate  of  water  settling. 

The  photographs  on  pages  6  and  7  show  the  effects  on  water  settling  rate  when 
FOA-3  was  added  to  fresh,  wet  refinery  fuels.  Results  of  laboratory  tests  which 
measure  emulsion-forming  t  .idencies  and  water  settling  rate  are  presented  on  page  8. 


EFFECT  OF  FOA-3  ON  WATER  SETTLING  RATE 


FOA-3  was  added  to  fresh,  wet  fuel  from  catalytic  crackers  at  two  Mid-Western 
refineries  and  the  water  settling  rate  compared  to  that  of  nonadditive  fuel.  FOA-3  had 
no  adverse  effect  on  water  settling  as  is  demonstrated  in  the  following  pictures. 


FUEL  L 


FRESH  FUEL 


SETTLED  1  DAY 


SETTLED  2  DAYS 


SETTLED  3  DAYS 


-r 


;*£*FOA-3; 


FUEL  M 


FUEL  N 
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ANTIEMULSION  AND  ANTIHAZE  PROPERTIES 


Oil  Change  Emulsion  Test 

The  Oil  Change  Emulsion  Test  measures  the  tendency  of  distillate  oils  to 
form  emulsions  in  the  presence  of  water.  In  this  test,  oil  is  agitated  violently  with 
5%  of  water  for  five  minutes  in  a  high  speed  mixer.  If,  after  standing  for  24  hours, 
no  emulsion  remains,  the  procedure  is  repeated  using  the  same  water  and  a  fresh 
oil  sample.  The  number  of  oil  changes  that  can  be  made  without  creating  an  emul¬ 
sion  is  taken  as  the  criterion  of  performance. 


The  following  table  shows  FOA-3  has  no  effect  on  the  emulsification 
properties  of  fuel  oils: 

EFFECT  OF  FOA-3  ON  EMULSION  FORMATION  IN  THE  OIL  CHANGE  TEST 


FOA-3 
Cone. , 

lb/1000  bbl 


Number  of  Changes  Required 
to  Develoo  Emulsion 


Fuel: 


Haze  Test 

Fuel  containing  0. 2%  water  is  agitated  in  a  milkshake  mixer  for  5 
minutes.  The  amount  of  haze  is  measured  by  withdrawing  small  samples  of 
fuel  periodically  for  light-transmission  measurements  with  a  Lumetron  color¬ 
imeter. 

FOA-3  has  little  or  no  effect  on  water  settling  rate  in  this  test  as 
shown  in  the  table  below: 

EFFECT  OF  FOA-3  ON  WATER  SETTLING  RATE  IN  HAZE  TEST 

FOA-3  Light  Transmission,  % 

Cone.,  Hours  After  Mixing 


Fuel 

lb/1000  bbl 

0_ 

2 

24 

48 

B 

None 

32 

78 

97 

97 

B 

20 

35 

84 

98 

98 

K 

None 

43 

54 

98 

99 

K 

20 

54 

61 

98 

98 
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PRECAUTIONS  IN  HANDLING 

Causes  bums  (as  defined  by  DOT  skin  corrosivity  test).  Combustible.  Harm¬ 
ful  if  swallowed  or  inhaled.  Do  not  get  in  eyes,  on  skin  or  clothing.  Keep  away  from 
heat  and  open  flame.  Avoid  breathing  vapor.  Keep  container  closed.  Use  with  ade¬ 
quate  ventilation.  Wash  thoroughly  after  handling. 


In  case  of  fire,  use  water  spray,  foam,  dry  chemical  or  CO2. 


FIRST  AID 

In  case  of  contact,  immediately  flush  eyes  with  plenty  of  water  for  at  least  15 
minutes  while  removing  contaminated  clothing  and  shoes.  Call  a  physician.  Wash 
clothing  before  reuse. 

If  inhaled,  remove  to  fresh  air.  If  not  breathing,  give  artificial  respiration, 
preferably,  mouth-to-mouth.  If  breathing  is  difficult,  give  oxygen.  Call  a  physician. 

If  swallowed,  induce  vomiting  until  vomit  is  clear.  Caii 
give  anything  by  mouth  to  an  unconscious  person. 


PACKAGING  AND  SHIPPING  POINTS 

The  standard  package  for  FOA-3  is  a  non-returnable  55  gallon  (208  liter)  steel 
drum  containing  386  lb  (175  kg)  net  and  having  a  tare  weight  of  50  lb  (22. 7  kg).  Drum 
shipments  are  made  from  Deepwater,  New  Jersey,  and  the  following  warehouses: 

Billings,  Montana  Horn  ton,  Texas 

Berlin,  Illinois  Kausas  City,  Missouri 

Des  Plaines,  Illinois  Lot?  Angeles,  California 

Amounts  smaller  than  the  standard  package  are  available  upon  request.  Bulk 
shipments  are  available  by  tank  car  or  tank  truck  from  Carneys  Point,  New  Jersey. 
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APPENDIX  A 
PART  2 

Ethyl  Corporation 
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Antioxidants 
in  Fuels 

733,735,701,  PDA, 
PDA(D),  PDA(H),  MDA 
and  733  Mixtures 


“ETHYL"  ANT10XI0ANTS  FOR 
PETROLEUM  PRODUCTS 

Commercial  products  available  from  Ethyl's  patented  ortho- 
alkylation  process  include  "Ethyl"  Antioxidants  701 , 702. 703, 
728.733,  and  735.* 

This  technical  brochure  describes  the  use  of  733,  735,  and 
701  in  fuel  applications  including  motor  and  aviation 
gasolines,  jet  fuels,  and  fuel-sweetening  processes.  Other 
additives  described  are  three  phenylenediamine  additives — 
the  widely  used  di-sec-butyl  product  (PDA)  and  its  diisopropyl 
and  diheptyl  analogs  (PDA-D  and  PDA-H)  and  the  con¬ 
ventional  metal  deactivator  (MDA).  Included  are  compositions 
and  application  data  on  mixtures  of  “Ethyl"  733  with  these 
additives  and  with  toluene. 

‘Ethyl  has  a  continuing  program  of  antioxidant  synthesis  and  erakratwn. 
Developmental  products  can  be  made  available  on  request 


There  are  two  other  technical  brochures  on  “Ethyl"  antioxi¬ 
dants  in  lubricants  and  industrial  oils. 

ANTIOXIDANTS  FOR  LUBRICANTS 

Describes  the  properties  and  uses  of  “Ethyl"  Antioxidants  702, 
728,  and  703  in  lubricant  applications  such  as  motor  oils,  avia¬ 
tion,  railroad  diesel,  marine,  2 -cycle,  and  transmission  fluids, 
and  sever  e-duty  industrial  oils 

INDUSTRIAL  OIL  ANTIOXIOANTS 

Describes  the  properties  and  uses  of  “Ethyl"  733. 735.  and 
701  in  industrial  oils.  Included  are  results  on  these  additives  in 
hydraulic,  steam  turbine,  gear,  and  transformer  oils. 

Technical  information  on  two  new  hydraulic  oil  additives, 
HOA-22  and  HOA-44,  is  presented. 

Ethyl  Corporation  has  an  experienced  technical  staff  ready  to 
assist  on  applications  involving  antioxidants  or  other  Ethyl 
additives. 


4 

J 


733 

For  Use  In:  Motor  Gasolines,  Aviation  Gasotnes,  Jet  Fuels, 
Industrial  Oils. 


2,  6-di-fe/7-buty1pheno( 


"Ethyl"  Antioxidant  733  is  a  low-cost  liquid  mixture  of  hindered 
phenols.  It  consists  of  mixed  ferT-butyiphenois  with  the  follow¬ 
ing  typical  composition: 

2,6-Oi-fert-butylphenol  ("ETHYL"  701 )  — 75%  MIN 


2.4, 6-Tri-rert-butyi phenol  )  _2g%MAX 
Ortho-Terf-butylphenol  J 

Ortho-fert-butyiphenol  — 10%  MAX 


Physical  Propertiee  (Typical) 


Form 

Liquid 

Color 

Yellow 

Density  @68*F(20*C) 

0.94 

g/ml 

ItvU.S.  gal. 

7.8 

Freezing  Point.  *F  (°C) 

83(17)' 

Flesh  Point  (COC),  °F  (°C) 

>200  (>93) 

(TCC).  °F  CC) 

38(3) 

Viscosity 

SUS  @  68°F  (20“C) 

115 

eSt  @  40°C  (104°F) 
ISO  VG(ASTM  02422) 

6.33 

7 

SotuMHty  @  88  ‘F  (20  X) 

Wt% 

In  Toluene 

Miscible 

In  Water 

0.01" 

lni0%NaOH 

10  max.  t 

In  i%HjSO* 

Insoluble 

*  Tend*  toauparcool. 

"Only  artncHart-butylphenol  it  partially  soluble. 

t  The  2.  6  and  2,  4,  8  substituted  phenols  are  insoluble;  the  oftho-fert- 
butylphenol  is  soluble. 

Uses 

In  both  motor  and  aviation  gasolines,  "Ethyl”  733  has  proved 
to  be  equal  or  superior  to  commercial  thalkylpheno!  and 
phenylenedtamine  antioxidants  in  controlling  both  formation 
of  gum  and  peroxides  and  decomposition  of  anti-knock  com¬ 
pounds.  Unlike  some  other  fuel  antioxidants,  it  does  not 
contribute  to  induction  system  deposits. 

"Ethyl"  733  effectively  inhibits  the  formation  of  soluble  and 
insoluble  decomposition  products  of  jet  fuels  during  storage. 

It  is  also  an  effective  antioxidant  for  steam-turbine  oils  and 
other  industrial  oils. 


Structural  Effectiveness 

In  recent  years,  a  number  of  lower-cost  antioxidants  made 
from  phenolic  mixtures  obtained  from  coal  tar  byproducts 
or  refinery  streams  have  been  introduced.  Judging  from  the 
limited  compositional  information  provided  by  the  suppliers, 
the  hindered  phenol  content  of  these  additives  ranges  from 
zero  to  60%. 

It  has  been  well  established  in  the  chemical  literature  that 
antioxidant  effectiveness  requires  steric  hindrance  to  the 
hydroxyl  group  brought  about  by  the  presence  of  alkyl  sub¬ 
stituents  in  both  ortho  (2  and  6)  positions.  *  At  least  one  of 
these  substituents,  and  preferably  both  in  the  case  of  turbine 
oil  antioxidants,  should  be  tertiary  butyl  groups,  t  For  "Ethyl” 
733, 90%  is  completely  hindered  phenols  (tertiary  butyl  groups 
in  both  2  and  6  positions),  with  the  remaining  1 0%  having  one 
tertiary  butyl  group  in  the  ortho  position. 

MOTOR  GASOLINES 

Antioxidants  of  low  or  moderate  effectiveness  may  perform 
wen  in  very  stable  fuels  in  quick  tests,  such  as  the  induction 
period  test.  However,  long-term  storage  tests  at  1 1 0  °F  (43  °C) 
are  the  true  measure  of  stability  in  terms  of  protection  against 
fuel  or  antiknock  deterioration.  ** 

•  Gifcs,J.H.,  AntioxidantsforPetroleumPn)clucls. "Inst.  Petroleufli.50.  309 
(1984). 

t  Wasson,  J.  Land  Smith,  W.M.,“EI(ectot  Alkyl  Substitution  on  Antioxidant 
Properties  of  Ph*no*s,  /nd.  Eng  Chsm.  45. 197(1953). 

-  Bartston,  J.  D  and  Shaphtrd.C.  C.,  How  to  Salad  Gasokne  Anbooridents," 
Hydrocarbon  Processing,  43, 1 53.  August  1 964. 


¥ 


A-103 


Storage  Taata/1 

A 1 10°F  (43°C)  storage  test  comparison  was  made  at  a  con¬ 
centration  of  2  lb  J 1000  bbl  in  a  major  brand  regular-grade 
gasoline  containing  2.5g  PtvU.S.  gallon  as  TEL  between 
"Ethyl"  733  and  three  commercial  mixed  phenolic  additives 
having  the  following  stated  compositions: 


Storage  Teets/2 

In  another  1 1 0°F  (43“C)  storage  test,  “Ethyl"  733  at  a  concen 
tration  of  1  lb/ 1000  bbl  was  compared  with  Additive  C  at  con¬ 
centrations  of  1.2  and  3  lb/1 000  bbl  for  11  weeks.  The  base 
fuel  was  a  regular-grade  commercial  gasoline  containing  3g 
Pb/U.S.  gallon  as  MLA-500. 


Additive 

Composition 

1 

ASTM  Gum, 

Ethyl"  733 

75%  2, 6-di-to/f-butylphenoi  + 

mg/ 100  ml 

25%  2. 4, 6-tri-re/f-butylphenol 

4wk> 

7«kl 

Id 

and  orthorvrf -butytphenor 

733(1  lb) 

3.4 

5.4 

■21 

A 

DBPC  and  other  alkylated  phenols 

8.4 

7.8 

ram 

SoluMe  ANqd  Lead  Salts, 
mgPtvlOOmi 


1.09  |  1.40 


1.29  1.44 


other  methylphenols 


60%  2, 4-di-rert-butylpheno!  + 

40%  mixed  fert-butylphenols 


The  results  show  that  “Ethyl"  733  was  better  than  the  other 
three  additives  on  both  ASTM  gum  and  peroxide  number  in 
every  comparison  measurement  at  each  of  the  three  sampling 
periods  of  8, 1 6,  and  20  weeks.  The  poorest  of  the  additives 
evaluated  (Additive  B),  which  was  only  slightly  better  than  the 
base  fuel,  had  a  zero  content  of  hindered  phenol. 


Additive  C  failed  to  provide  protection  against  gum  formation 
(allowable  gum  is  7  mg)  for  even  4  weeks  of  storage  at  any 
concentration,  while  Ethyl”  733  at  1  lb/ 1 000  bbl  was  effective 
for  7  weeks. 

Similaily,  "Ethyl"  733  at  1  lb/ 1 000  bbl  gave  better  stabilization 
against  lead  decomposition  than  Additive  C.  which  again 
showed  no  improvement  as  concentration  was  increased. 

“Ethyl"  733  has  been  used  successfully  in  industnal  oils  for 
many  years  (see  brochure  on  “Ethyl"  Antioxidants  701 , 733, 
and  735  for  Industnal  Oils).  This  is  a  more  severe  application 
than  motor  gasolines  because  of  the  higher  to 
encountered  in  service  and  laboratory  studies.  The  mixed 
phenolic  additives  deschbed  above  are  not  recommended 
for  industnal  oils,  presumably  because  of  their  low  content  of 
hindered  phenol  active  ingredient. 

“Ethyl"  733  has  been  found  to  be  equal  or  superior  to  a  com¬ 
mercial  thalkylphenol  (DBPC)  and  phenylenedi amine  (PDA) 
antioxidants  in  controlling  formation  of  gum.  peroxides 
(Peroxide  No.),  and  soluble  alkyl  lead  salts  (SALS),  based  on 
storage  tests  at  1 1 0°F  (43°C).  For  example,  the  following 
tables  compare  storage  performance  in  two  different  fuels 
containing  3  ml  TEL  (3.17g  Pb)/U.S.  gallon. 

FUEL  A  (Full-boiling-range  catalytically  cracked  gasoline) 


Antioxidant  (7  IbTIOOO  DM) 


Storage  Time 
In  Weeks 


733  Gum  (mg/100  ml) 
Peroxide  No. 


DBPC  Gum(mg/100ml) 
Peroxide  No. 


FUEL  B  (Finished  blend  of  catalytically  cracked,  straight  run 
and  polymer  gasolines) 


Storage  Time 
in  Weeks 


733  Gum  (mg/100  ml) 


PDA  Gum  ( mat 00  mi) 


AnttoxMent  (2  **1000  bbt) 


ao 
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AVIATION  GASOLINES 

'  Ethyl"  733  gives  excellent  protection  against  TEL  decom¬ 
position.  based  on  storage  tests  at  1 10°F  (43°C).  Formation 
of  soluble  alkyl  lead  salts  (SALS)  and  precipitate  (PPT)  are 
measures  of  this  decomposition  tendency.  For  example,  in 
Fuel  C  containing  4.86g  Pb/U.S.  gallon  as  TEL 

FUEL  C  (Aviation  Alkylate) 


Antioxidant  (4lbt1000bM) 


Storage  Tim* 

In  Waaka 

0 

3 

• 

12 

24 

30 

None 

SALS 

PPT 

0.8 

None 

6.1 

Med. 

16.5 

V.H. 

(Test  discontinued) 

(Test  discontinued) 

733 

SALS 

PPT 

0.6 

None 

0.6 

None 

0.6 

None 

0.6 

None 

0.7 

None 

0.8 

None 

0.8 

None 

DBPC* 

SALS 

PPT 

0.6 

None 

0.6 

None 

0.9 

None 

0.9 

None 

0.9 

None 

0.9 

None 

1.2 

Slight 

PDA 

SALS 

PPT 

0.6 

None 

0.6 

None 

0.7 

None 

0.7 

None 

0.7 

None 

0.9 

None 

1.7 

None 

'Trialkyl  phono) 


JET  FUELS 

There  has  been  renewed  interest  in  jet  fuel  antioxidants  be¬ 
cause  of  a  recent  amendment  to  Military  Specification  MIL-T- 
5624K  (JP-4,  JP-5),  which  also  includes  MIL-T-83133  (Turbine 
Fuel,  Aviation,  Kerosene  Type.  Grade  JP-8.)  The  new  para¬ 
graph  3.3.1 .  titled  “Antioxidants,"  in  Amendment  1  to  MIL-T- 
5624K  dated  November  12, 1976,  reads  as  follows: 

“3.3.1  Antioxidants.  Immediately  after  processing  add  an 
approved  antioxidant  in  order  to  prevent  the  formation  of  gums 
and  peroxides  after  manufacture.  The  concentration  of  an¬ 
tioxidant  to  be  added  shall  be: 

"a.  Not  less  than  6.0  lbs.  nor  more  than  8.4  lbs.  of  active  ingre¬ 
dient  per  1 ,000  barrels  of  fuel  ( 1 7.2  to  24.0  mg/I)  to  all  JP-5 
fuels  and  to  JP-4  fuels  that  contain  blending  stocks  that  have 
been  hydrogen  treated.' 

"b.  At  the  option  of  the  supplier,  not  more  than  8.4  lbs.  of  active 
ingredient  per  1 ,000  barrels  of  fuel  (24.0  mg/I)  may  be  added 
to  JP-4  fuels  that  do  not  contain  any  hydrogen  treated1  blend¬ 
ing  stocks." 


Three  “Ethyl"  Antioxidants  (701 , 733.  and  735),  all  based  on  2, 
6-di-fert-butylpbenol,  are  approved  in  MIL-T-5624K  and  are 
now  being  used.  One  of  the  most  difficult  specification  tests  for 
JP-4  and  JP-5  jet  fuels  is  the  “Water  Separation  Index"  (ASTM 
D-2550);  at  least  one  of  the  three  approved  Ethyl  antioxidants 
usually  will  provide  a  passing  result  in  this  test. 

"Ethyl"  Antioxidants  701 , 733,  and  735  are  described  in  MIL- 
T-5624K  in  the  following  manner  in  paragraph  3.3.1. 

“3.3. 1  -e  2, 6-di-tert-butylphenol  (“Ethyl”  Antioxidant  701 ) 
“3.3. 1  -f  75  percent  min.  2, 6-di-fert-butylphenol 

25  percent  max.  fert-butylphenols  and  tri-fert- 
butylphends  (“Ethyl”  Antioxidants  733  and  735.) 

Typical  compositions,  physical  properties,  an  1  solubilities  of 
the  three  approved  “Ethyl"  jet  fuel  antioxidants  are  shown  in 
the  following  tables. 


typical  Compositions 


Compound 

701 

735 

ortho-rerr-butytphenol 

0.4 

7.4  i 

.  .  i 

Nil 

2, 6-di  Vert-butyl  phenol 

98.1 

75.7 

85 

2, 4, 6-tri-tert-butylphenoi 

0.4 

12.2 

11 

2, 4-di -fort-butyl  phenol 
+  other  phenols 

1.1  ! 

j 

4.7 

4 
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Physical  Properties  (typical) 


701 

733 

735 

Form 

Solid 

Liquid 

Partially 

Solid 

Color 

Light 

Yiallow 

Y  ‘low 

Straw 

Molecular  Weight 

206.3 

Boiling  Point,  *F  (°C) 

487 

436-507 

481-507 

@  760  mm  Hg 

(253) 

(224-264) 

(249-264) 

Flash  Point  (COC)/F("C) 

>200  { >93) 

200(93) 

260(127) 

(TCC),  °F  (”C) 

>210  ( >99) 

38(3) 

>210  ( >99) 

Melting  Point,  *F  (”C) 

97(38) 

I 

80(27)* 

Freezing  Point,  *F  (°C) 

- 

63(17)* 

- 

Density  @  68*F  (20"C) 

g/ml 

0.914 

0.94 

- 

Ib/U.S.  gal. 
@80“F  (27°C) 

7.61 

7.8 

* 

g/ml 

- 

0.95 

Ib/U.S.  gal. 

* 

7.9 

Density  Temperature 
Correction  Factor 
85-140°F,  g/ml  per  °F 

0.000400 

0.000427 

29-60°C.  g/ml  per  °C 

* 

0000722 

0.000769 

Viscosity 

SUS  <§  6TF  (20”C) 
SUS@100°F(3TC) 

49.9 

115 

55.0 

SUS  @  210“F  (99”C) 

32.0 

cSt@40°C(104°F) 

6.64 

6.33 

8.05 

ISO  VG(ASTMD  2422) 

1 _ I _ 

7 

Li _ 

'Tend*  to  supercool. 


The  major  difference  in  physical  properties  due  to  composition 
is  the  freezing  point  of  63°F  ( 1 7°C)  for  733  and  the  melting 
points  of  80”F  (27° C)  for  735  and  97°F  (36°C)  for  701 . 


Solublll 


Solubility  @  S8*F  (20°C) 

Wt% 

701 

733  j 

735 

In  Water 

Insoluble 

0.01* 

Insoluble 

In  10%  NeOH 

Insoluble 

10max.t  j 

Insoluble 

In  Toluene 

Soluble 

Ini^HjSO* 

Insoluble  ' 

Insoluble 

Insoluble 

In  Motor  Oil 

Soluble 

Soluble 

Soluble 

In  Gasoline 

Soluble 

Soluble 

Soluble 

'Only  orthpyert-butylphanol  is  partially  soluble 

tThe  2. 8  and  2. 4,8  substituted  phenols  are  insoluble:  the 
oitho-rart-butylphenol  is  soluble. 


"Ethyl"  Antioxidants  701 , 733,  or  735  diluted  with  toluene  or 
other  aromatic  solvents  can  be  supplied  if  lower  freezing 
points  are  required.  Examples  of  733-toluene  mixtures  and 
their  freezing  points  are  shown  on  Page  1 1 . 

Another  change  in  Military  Specification  MIL-T-5624K, 
effective  May  20, 1977  removed 

•  N,  N'-Oiisopropyl-p-phenylenediamine 

•  N,  N’-Di-sec-butyl-p-phenyienediamine 

•  65  percent  N,  N' -Di-sec  -butyt-p-phenylenediamine 
35  percent  N,  N'-Di-sec-butyt-o-phenylenediamine 

from  the  list  of  acceptable  additives. 

Two  reasons  were  stated  for  removing  these  products. 

1 .  These  antioxidants  "form  color  bodies  in  the  fuel  ranging 
from  pink  to  tan.  When  these  fuels  are  tested  with  the  AEL 
MK111  contaminated  fuel  detector,  the  color  bodies  are 
adsorbed  on  the  filters,  resulting  in  high  readings  indic¬ 
ative  of  fuel  containing  solid  contaminants." 


2.  "Research  with  these  amine-type  antioxidant  additives 
has  also  indicated  that  this  chemical  class  of  antioxidant 
interferes  with  other  additives  occasionally  used  in  the 

fuel." 
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PDA 

For  Use  In:  Motor  Gasolines,  Aviation  Gasolines,  Jet  Fuels. 


CH3  —  CHj  —  CH  —  N  — 
CHj 


o 


—  N  —  CH  —  CHj  —  CHj 


N.N'-Di-sec-butyl-p-phenylenediamine 
(98%  minimum  purity) 


"Ethyl"  Antioxidant  POA  is  the  conventional  phenylene- 
diamine-type  gasoline  additive.  The  product  contains  no 
diluent  and  is  essentially  100%  active  ingredient.  In  motor 
gasolines,  aviation  gasolines,  and  jet  fuels,  this  product  is  an 
excellent  oxidation  inhibitor  and  an  efficient  sweetening 
catalyst 


PDA(D) 

For  Use  In:  Motor  Gasolines,  Aviation  Gasolines,  Jet  Fuels- 


CHj-CH-N—  A.  A-N—  CH  —  CHj 

chj  CH3 

N,  N'-Diisopropyl-p-phenylenediamine 

"Ethyl"  Antioxidant  POA(O)  is  a  diisopropyl  structural 
modification  of  “Ethyl"  Antioxidant  PDA.  The  product  is  a 
50%  solution  of  active  ingredient  in  a  mixture  of  methanol 
and  isopropanol. 

In  motor  gasolines,  aviation  gasolines,  and  jet  fuels,  this 
product  is  an  excellent  oxidation  inhibitor  and  an  efficient 
sweetening  catalyst  Relative  to  "Ethyl"  PDA,  the  diisopropyl 
product  is  a  more  effective  sweetening  agent  and  a  less 
effective  antioxidant.  The  primary  use  of  "Ethyl”  PDA(D)  is  in 
refinery  streams  where  inhibitor  sweetening  is  practiced. 


PDA(H) 

For  Use  In:  Motor  Gasolines 


Chj  —  CH  —  CHj  —  CM*  —  CH  —  N  — 

I  I 

CH>  CH) 


O 


Physical  Properties  (Typical) 


Form 

Liquid 

Color 

Brown  to  Red 

Density  @  68”F  (20°C) 
g/ml 
IIVU.S.  gal. 

0.94 

7.8 

Freezing  Point,  °F  (“C) 

58(14) 

Flash  Point  (COC).  °F  (°C) 
(TCC).*F(°C) 

>300  (>149) 

>295  (>146) 

Viscositv 
SUS  @  68°F  (20°C) 
cSt  @  40°C  (104-F) 
ISO  VG(ASTM  02422) 

140 

11.32 

10 

SolubMtty  <3  SS°F  (20°O 

Wt% 

In  Toluene 

Miscible 

In  Water 

<1 

In  10%  NaOH 

>1 

In  1%HjSO. 

>8 

Physical  Properties  (Typical) 

Concentration 

50%  Active 

Form 

Liquid 

Color 

Red 

Density  @  60”F  (20°C) 
g/ml 
ib/U.S.  gal. 

0.88 

7.3 

Freezing  Point,  °F  (*C) 

28  (-2)  (Supercools) 

Flash  Point  (TOC),  "F("C) 
(TCC),  °F  (°C) 

70(21) 

60(16) 

Viscosity 
SUS  @  68”F  (20°C) 
cSt@40°C(104°F) 

ISO  VG(ASTMD  2422) 

45 

3.56 

3 

Solubility  @  6$*F  (20*0 

wt% 

In  Toluene 

Miscible 

In  Water  (active  ingredient) 

<1 

In  10%  NaOH  (active  ingredient) 

<1 

In  1  %  H2SO4  (active  ingredient) 

>8 

Physical  Properties  (Typical) 

Form 


—  N  — CH  — CH»  — CM— CH  — CH. 

I  I 

CH.  CH. 


N,  N’-bis-(1, 4-dimethylpentyf)-p-phenylenediamine 


“Ethyl"  Antioxidant  PDA(H)  is  a  dlheptyl  structural  modifica¬ 
tion  of  "Ethyl"  Antioxidant  PDA.  The  product  contains  no 
diluent  and  is  essentially  1 00%  active  ingredient. 

In  motor  gasolines,  this  product  is  an  excellent  oxidation  in¬ 
hibitor  and  an  efficient  sweetening  catalyst.  Relative  to  "Ethyl" 
PDA,  PDA(H)  is  equivalent  as  a  sweetener  but  slightly  less 
effective  as  an  antioxidant. 

PDA(H)  has  a  significantly  lower  freezing  point  than  PDA 
or  POA(D),  providing  a  100%  active  ingredient  product  with 
excellent  low-temperature  handling  properties. 


Color 

Amber  to  Red 

Density  <®68°F(20*C) 

g/ml 

0.90 

ItVU.S.  gal. 

7.5 

Freezing  Point,  °F  (°C) 

-45  (-43) 

Flash  Point  (COC).  °F(*C) 

380(193) 

(TCC),  °F  (»C) 

>200  (>93) 

Viscosity 

SUS  @  100"F  (38°C) 

172 

cSt@4<rC(104°F) 

27.48 

ISO  VG(ASTM  D2422) 

32 

Solubility  @8TF  (20*C) 

Wt% 

In  Toluene 

Miscible 

In  Water 

<1 

in  10%  NaOH 

<1 

lnl%H*S04 

>2 
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MDA 

For  Use  In:  Motor  Gasolines,  Aviation  Gasolines,  Jet  Fuels, 
Distillate  Fuels. 


CHj 


N.N'-disalicylidene-i  ,2-diaminopropane 
(N.N'-disalicyiidene  propylenediamine) 


In  gasolines,  "Ethyl"  MDA  will  lengthen  storage  life,  reduce 
gum  formation,  and  combat  decomposition  of  antiknock  com¬ 
pounds.  In  higher-boiling  distillates,  it  will  help  stabilize  color 
and  minimize  the  formation  of  the  gel-like  copper  mercaptides 
that  are  often  responsible  for  filter  and  nozzle  plugging. 

Relatively  simple  tests  can  determine  the  amount  of  copper 
present  in  a  fuel  fresh  from  the  refinery.  However,  it  is  essen¬ 
tially  impossible  to  estimate  the  potential  copper  contamina¬ 
tion  that  may  occur  in  subsequent  fuel-handling  operations. 
Experience  has  shown  that  it  is  economical  insurance  to  arbi¬ 
trarily  provide  a  sufficient  concentration  of  "Ethyl"  MDA  to 
counteract  the  maximum  anticipated  copper  contamination. 


Ethyl  MDA  metal  deactivators  are  solutions  of  N,  N' — 
disalicylidene  propylenediamine  in  xylene.  These  effective 
products  are  offered  in  two  convenient  concentrations — 
Ethyl  MDA-80  (80%  active  ingredient)  and  Ethyl  MDA-50 
(50%  active  ingredient). Ethyl  MDA-50  is  recommended  for 
cold-weather  use. 


Physical  Properties  (Typical) 


MDA-aO  |  MOA-SO 

Form 

Liquid 

Color 

Amber 

Density  @68°F(20°C) 
g/ml 
Ib/U.S.  gal. 

1.07 

8.9 

0.98 

8.2 

Active  Ingredient  wt  % 

80 

50 

Solvent  (xylene),  wt  % 

20 

50 

Rash  Point  (TOC).  °F  (”C) 
(TCC),  °F  (°C) 

85(29) 

97(36) 

91  (33) 
72(22) 

Pour  Point.  °F  (°C) 

-15  (-26) 

-90  (-68) 

Viscosity 
SUS  @  100°F  (38°C) 
cSt@40°C(104°F) 
ISO  VG  (ASTM  0  2422) 

109 

9.87 

10 

33.1 

17.76 

15 

Solubility  9  6S*F  (20*C) 

Wt% 

In  Gasoline  (Typical) 

Saturated  solution 
contains  94%  MDA 

In  Water 

0.04 

Phase  Separation 
Temperature,  “F  (3C) 

85(29)* 

45(7)* 

*  Supercools  to  was  below  32'  F.  Alter  crystallization,  mixture  must  be  warmed  to 
85‘  F  betore  complete  solution  occurs. 


Uses 

Since  metal  deactivators  are  usually  used  in  conjunction  with 
an  antioxidant,  this  product  is  included  in  this  brochure  for 
completeness.  "Ethyl"  MDA  is  a  fuel  additive  that  neutralizes 
the  catalytic  effect  of  copper  in  promoting  fuel  oxidation.  No 
matter  how  carefully  a  fuel  is  refined,  its  potential  storage  life 
can  be  seriously  curtailed  by  subsequent  contact  with  copper. 
This  contact  is  almost  unavoidable  and  may  come  from  two 
major  sources:  ( 1 )  Contamination  from  transfer  or  handling 
systems  that  employ  pumps,  valves,  or  lines  made  of  copper 
or  cuprous-metal  alloys:  (2)  Trace  amounts  (generally  less 
than  1  ppm)  retained  in  the  fuel  after  a  copper  sweetening 
process. 


Recommended  Concentrations 

Calculations  for  determining  "Ethyl"  MDA  concentrations  are 
based  on  the  use  of  0. 4  lb  MDA / 1 000  bbl  for  each  i  .0  mg 
Cu/U.S.  gal.  (These  figures,  and  subsequent  ones,  consider 
only  the  active  ingredient,  which  is  80  wt  %  in  xylene.) 

General  Recommendations 

A  number  of  refiners  have  found  1  to  3  lb/ 1000  bbl  desirable 
for  fuels  in  normal  use.  This  amount  is  generally  sufficient 
to  provide  protection  throughout  the  system. 

Abnormal  Applications 

There  are  circumstances — such  as  in  factory-fill  fuels,  certain 
marine  installations,  etc. — where  the  fuel  may  be  subjected  to 
excessive  exposure  to  copper.  In  most  such  cas‘«  purchase 
specifications  require  unusually  high  concentration  of  metai 
deactivator— ranging  up  to  lOto  15lb/1000bbl. 

Tests  for  Copper  Content 

Copper  content  can  be  determined  quite  accurately  by  avail¬ 
able  analytical  methods.  An  effective  procedure  is  Ethyl's 
Analytical  Method  EAM-54  entitled,  "Determination  of  Trace 
Quantities  of  Copper  in  Gasoline. "  Copies  are  available  on 
request. 

An  indirect  method  that  may  be  used  to  advantage  is  the 
ASTM  Induction  Period  Test,  Method  D  525-55.  This  test 
measures  the  increases  in  oxidation  resistance  achieved  with 
varying  dosages  of  “Ethyl"  MDA.  In  some  applications,  soluble 
copper  or  metallic  copper  may  be  required  in  the  test 
procedure. 

Blending 

Since  "Ethyl”  MDA  is  made  available  as  a  solution  in  xylene,  it 
is  readily  soluble  in  gasoline  and  distillate  fuels  at  relatively  low 
temperatures.  Some  blenders  prefer  to  make  stock  blends  by 
dissolving  “Ethyl"  MDA  in  another  aromatic  solvent,  which  will 
serve  as  the  carrier  tor  the  other  materials  in  the  whole  additive 
package. 

"Ethyl"  MDA  should  not  be  added  to  a  fuel  until  after  the  final 
caustic  wash,  because  it  is  subject  to  extraction  by  the  caustic. 

Military  Motor  Gasoline 

Military  Specification  MIL-G-3056B  requires  a  concentration 
of  1  to  3  lb/ 1 000  bbl  of  a  metal  deactivator  such  as  “Ethyl" 
MDA. 
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733-PDA, 733-PDA(D) 

For  Use  In:  Motor  Gasolines,  Aviation  Gasolines,  Jet  Fuels. 

"Ethyl"  Antioxidants  733-PDA  and  733-PDA(D)  are  physical 
mixtures  of  “Ethyl-'  Antioxidant  733  and  the  two  diamine-type 
antioxidants.  Three  combinations  are  offered  for  each  of  the 
PDA's.  These  additive  combinations  provide  effective  anti¬ 
oxidants  for  gasoline  where  gum  control  is  desired  or  inhibitor 
sweetening  is  practiced. 


Solubility  @  M*F  (20*C) 

All  PDA,  POA(O), 
and  PDA(H)  Mixtures 

In  Toluene 

Miscible 

In  Water 

Insoluble 

In  10%  Caustic 

Insoluble 

In  Dilute  Acid 

PDA  components 

soluble  (see  PDA's) 

733  component  insoluble 

Physical  Properties  (Typical) 


Compoaition,  Wt  % 

733- PO  A  75 

733-PDA  50 

733-POA  25 

733-POA(D)75 

733-POA(D)50 

!  733-POA(D)25 

733 

75 

50 

25 

75 

50 

25 

PDA 

25 

50 

75 

- 

- 

- 

PDA(D) 

- 

- 

25 

50 

75 

Form 

Color 

♦—  — -  Red  - - 

Density@68°F(20°C) 

0.94 

0.93 

0.92 

0.91 

g/ml 

0.94 

0.94 

Ib/U.S.  gal. 

7  8 

7.8 

7.8 

7.8 

7.7 

7.5 

Flash  Point  (COC),=F("C) 

*-52  ( 1 22) 

259(126) 

270(132) 

73(23) 

71(22) 

67(19) 

(TCC)  °F  (°C) 

92(33) 

116(47) 

180(82) 

46(8) 

46(8) 

50(10) 

Viscosity 

SUS@6rF(20"C) 

201 

201 

173 

79 

67 

60 

cSt  @  40°C  <104'F) 
ISO  VG(ASTM  02422) 

10.01 

10 

11.27 

10 

11.46 

10 

5.51 

5 

4.70 

5 

4.09 

5 

Freezing  Point,  °F  (°C) 

49(9) 

7  (- 14) 

34(1) 

60(16) 

40(4) 

15(-9) 

A-109 


733-PDA(H) 

For  Use  In:  Motor  Gasolines 


"Ethyl"  Antioxidants  733-PDA(H)  are  physical  mixtures  of 
“Ethyl"  Antioxidant  733  and  “Ethyl"  PDA(H).  The  three  combi¬ 
nations  offered  are  effective  antioxidants  for  motor  gasoline 
where  gum  control  is  desired  or  inhibitor  sweetening  is 
practiced. 

Physical  Properties  (Typical) 


EVALUATION  OF 


733-PDA 


73^ 

733- 

733- 

Composition.  Wt% 

PDA(H)75 

POA(H)50 

;  POA(H)25 

733 

75 

50 

25 

POA(H) 

1  ■” 

1  50 

|  75 

—  Liquid  — 
'  Red  Amber  - 


Density  @68'F(20*C) 
g/ml 
Ib/U.S.  gal. 

Flash  Point  (COC).  °F  (°C) 
(TCQ.-FfC) 

0.93 

7.8 

220(104) 

148(64) 

0.92 

7.7 

238(114) 

179(82) 

0.92 

7.7 

285(141) 

225(107) 

Viscosity 
SUS  @  68°F  (20°C) 

211 

318 

398 

cSt@40°C(104,'F) 
ISO  VG  (ASTM  02422) 

11.61 

16.96 

22.04 

10 

15 

22 

Freezing  Point,  °F  (°C) 

60(15) 

40(4) 

-5(-21) 

“Ethyl'  Antioxidant  733- PDA  mixtures  have  been  in  use  for  1 5 
years.  The  following  sections  provide  data  comparing  the  per¬ 
formance  of  the  mixtures  tc  that  of  the  two  components.  Two 
series  of  tests  ‘ — an  oxygen  bomb  study  and  a  1 1 0°P  storage 
evaluation— were  conducted  using  an  aviation  alkylate  con¬ 
taining  TEL  at  4.86  g  Pb/U.S.  gallon  as  1  -T  fluid. 

Bomb  Tests 

In  the  bomb  tests,  which  were  conducted  using  ASTM 
Method  D  525  (IP-40),  additive  concentrations  were  studied 
over  a  range  of  1  -6  lb/ 1 000  bbls.  Additive  effectiveness  was 
measured  as  break  point — the  time  in  hours  to  change  in 
slope  of  the  oxygen  absorption  curve,  indicating  the  start 
of  TEL  decomposition. 

‘  Bartleson,  J.D,  and  Shephard.  C.C.,  How  to  Sated  Gasoline  Antioxidants. " 
Hydrocarbon  Processing.  *3. 153.  August  1964. 


As  expected,  "Ethyl"  PDA  performed  slightly  better  than 
"Ethyl"  733.  The  unexpected  result  was  that  all  three  “Ethyl" 
Antioxidant  733-POA  mixtures — 733-PDA  75, 733-PDA  50, 
and  733-PDA  25 — outperformed  "Ethyl"  PDA  by  a  significant 
margin  at  each  additive  concentration. 

Storage  Tests 

Storage  tests  were  conducted  on  the  same  additive  combina¬ 
tions  in  the  same  fuel  at  a  concentration  of  1  lb/1000  bbl.  SALS 
values  were  determined  on  the  stored  samples,  and  storage 
life  was  the  time  in  months  until  a  marked  increase  in  TEL  de¬ 
composition  occurred  (SALS  value  exceeded  4  mg  Pb/1 00  ml.) 


100%  733  73% 733  50% 733  25%  733 

23%  PDA  30%  PDA  75%  PDA  100%  PD  A 


Storage  Comparison  of  733-PDA  Mixtures 
Month*  at1MrFto4mgPb<aaSALSyiOO  ml 
Leaded  Aviation  Alkylate  (*.889  PblU.S.  gat  at  TEL) 
♦  1  lb  Antioxidant/1000  bM 


In  the  storage  tests,  “Ethyl"  733  gave  storage  life  protection 
equivalent  to  that  of  “Ethyl"  PDA.  As  observed  in  the  bomb 
tests,  however,  the  733-POA  antioxidant  mixtures  outper¬ 
formed  the  separate  components  by  a  factor  of  2  to  1  regard¬ 
less  of  the  ratio  of  the  two  components  in  the  mixture.  "Ethyl” 
Antioxidant  733-PDA  mixtures  have  performed  successfully 
over  many  years  in  a  large  number  of  refineries. 

Refinery  Sweetening 

A  question  frequently  raised  about  the  733-PDA  mixtures  is 
their  effectiveness  in  inhibitor  sweetening.  This  is  best  an¬ 
swered  by  actual  plant  trials. 

To  compare  the  inhibitor  sweetening  effectiveness  of  “Ethyf ' 
Antioxidant  733-POA  50  to  that  of  straight  PDA,  a  refinery  test 
was  run  in  regular-grade  gasoline  in  a  large  midwestem  refin¬ 
ery  at  an  additive  concentration  of  0.5  ib/1000  bbl.  Samples 
were  taken  without  additive  treatment  for  a  baseline  compari¬ 
son.  The  tests  were  run  in  January,  with  temperatures  during 
the  test  period  ranging  fromO'F  (-1 8°C)  to  20°F  (-7°C).  Since 
lower  temperatures  slow  down  the  sweetening  reaction,  this  is 
a  severe  condition. 


The  tests  were  conducted  by  operating  the  refinery  for 
several  days  on  each  additive  and  following  the  mercaptan 
analyses  on  storage  tank  samples  of  the  finished  gasoline 
blends  at  time  intervals.  The  gasoline  composition  was: 


Vblum«% 

Cat  Cracked 

48.7 

Straightrun 

18.4 

Heavy  Reformate 

11.7 

Light  Reformate 

6.0 

CsC*  Gasoline 

3.9 

Light  Cracked 

3.4 

Butane 

79 

100.0 

Initial  mercaptan  results  varied  for  the  four  test  fuels— two 
without  antioxidant  and  two  with  antioxidants.  One  baseline 
fuel  and  the  PDA-treated  fuel  had  relatively  low  initial  mercap¬ 
tan  levels  of  0.0029  wt  %  mercaptan.  The  initial  mercaptan 
values  for  the  other  two  fuels  were  much  higher— 0.0059  wt  % 
mercaptan  for  the  second  baseline  and  0.0052  wt  %  for  the 
733-PDA  50  treated  fuel. 


A-lll 


The  data  below  show  mercaptan  results  alter  various  storage  times. 


733-PDA  50  PLANT  TRIAL 
Mercaptan  Content  vs  Storage  Time 


Antioxidant 


Wt  %  Mercaptan  x  1000 


Fuat 


TVpa 


Cone.. 

ibriMObbl 


Initial 


16Hr 


45  Hr 


155  Hr 


30  Day* 


None 


2.9 


1.8 


1.4 


POA 


0.5 


2.9 


1.1 


733-PDA50 


0.5 


5.2 


1.4 


None 


5.9 


3.4 


3.0 


0.8 


1.0 


2.3 


0.8 


0.6 


0.6 


2.0 


Even  though  the  gasoline  containing  733-POA  50  had  a 
much  higher  initial  mercaptan  content,  the  mercaptan  levels 
for  POA  and  733-PDA  50  were  almost  equal  after  1 63  hours 
—0.0008  wt  %  for  POA  and  0.00 1 0  wt  %  for  733-PDA  50. 

Both  gasolines  met  the  refinery  specification  of  0.001  wt  %. 

At  1 68  hours,  the  baseline  fuels  were  off  specification  at  0.00 1 4 
wt  %  for  Fuel  A  and  0.0023  wt  %  for  Fuel  D.  Fuel  0,  the  com¬ 


parison  fuel  for  733-PDA  50,  contained  0.002  wt  %  mercaptan 
sulfur  after  a  30-day  storage  period. 

These  results  show  that  “Ethyl"  Antioxidant  733-PDA  50 
provided  effective  inhibitor  sweetening  equivalent  to  “Ethyl" 
Antioxidant  PDA  in  a  typical  refinery  operation  under  severe 
winter  test  conditions. 


110*F  Storage  Data 


Antioxidant 

Initial 

4  Weeka 

|  SWaaks 

12Weaka 

Fu* 

iyp« 

IfrlOOObtt 

ASTMOum,  j 
ffWlOOml  < 

^  A  STM  Sum. 
mgflOOml  j 

i 

«ai  q 

mgPbflOOml  1 

A  STM  Gum, 
m?  100  ml 

SALS.  ! 

1  mg  PbflOQfM  j 

! - 

ASTMOum, 

mgTIOOml 

!  SALS, 

j  mgPUiOOiM 

A 

1  None 

0 

|  915 

!  1.8 

1.4 

<0.03  ' 

1.6 

I  <0.03  • 

1.8 

j  <0.03  • 

r~  Lr/-4 

0.5 

No  Break 

1  J-0  ! 

Hj*  ! 

0.11 

1.8 

.08 

2.0 

1  oTi 

c 

|  733-POA  50 

0.5 

1215 

t.4 

i  10 

0.05 

2.2 

.06 

2.0 

0.09 

D 

None 

0 

960 

I --IP. . 

LiL— , 

0.07 

1.2  1 

10 

i-  I8— . 

|  0.15 

These  samples  also  were  submitted  to  1 1 0°F  storage  condi¬ 
tions.  with  measurements  made  at  4, 8  and  1 2  weeks  for  gum 
and  SALS.  Fuels  B.  C,  and  O  contained  2.5  g  Pb/U.S.  gallon  as 
TEL;  Fuel  A  was  unleaded.  As  shown  in  the  above  table, 
all  samples  showed  good  storage  stability.  The  antioxidant 
requirement  for  this  refinery  was  dictated  by  sweetening 
requirements  rather  than  oxidation  stability. 


733-Toluene 


AVIATION  GASOLINE  TESTS 

In  another  study,  a  number  of  additives  at  4  and  8  lb/ 1 000  bbl 
— PDA,  PDA-0, 733,  mixtures  of  733  with  PDA  and  PDA-D, 
and  a  commercial  additive  (60%  2, 4,  di-fert-buty  Iphenoi  + 
40%  mixed  tert-butyiphenols— Additive  C  on  page  2)— 
were  compared  in  a  1 1 5- 145  aviation  gasoline  containing 
4.86  g  Pb/U.S.  gallon  as  Aviation  Mix.  Tests  conducted 
were  ATSM  Methods  D  381  for  existent  gum  and  D  873  for 
1 6-hour  potential  gum  and  precipitate;  the  maximum  allow¬ 
able  results  are  3  mg/ 1 00  ml  existent  gum,  6  mg/ 1 00  ml  of 
16-hour  potential  gum.  and  2  mg/ 100  ml  for  16-hour 
precipitate. 


Composition 

16-Hour 

Potential 

Sum, 

mg/IOpml 

Precipitate, 

mplOOmi 

Existent 

Own, 

100  ml 

Base  Fuel  (A) 

2.S 

0.0 

2.6 

A  +  4.86g  Pb/U.S.  gal. 
Aviation  Mix  >  B 

44.9 

57.1 

2.0 

B  + 41b  733 

1.1 

0.0 

2.4 

B-  81b  733 

1.8 

0.0 

1.4 

B  4  lb  PDA(D) 

1.3 

0.0 

0.8 

B  +  8  lb  POA(O) 

1.8 

0.0 

0.8 

B  +  4  lb  PDA 

1.0 

0.0 

0.8 

B  +  81b  PDA 

1.4 

0.0 

0.8 

B  +  4  lb  733-PDA  50 

1.2 

0.0 

2.0 

B  +  4  lb  733-PDA(D)  75 

1.5 

0.0 

2.0 

B  +  4  lb  733-PDA(D)  50 

1.6 

0.0 

2.4 

B  +  Additive  C 

60.0 

74.1 

1.8 

The  leaded  base  fuel  and  the  sample  containing  Additive  C 
gave  very  poor  results  on  potential  gum  and  precipitate,  with 
Additive  C  being  even  worse  than  the  leaded  base  fuel.  All 
of  the  other  additives —733,  PDA,  PDA(D),  and  the  733 
mixtures — were  satisfactory.  All  of  the  fuels  were  subjected 
to  1 2-week  storage  tests  for  existent  gum,  precipitate,  SALS, 
and  peroxide  number.  All  samples,  including  the  base  fuel, 
gave  excellent  results. 


These  are  combinations  of  "Ethyl"  Antioxidant  733  and  toluene 
blended  to  obtain  low-temperature  fluidity.  They  are  tor  use  in 
colder  climates  where  it  is  desired  to  have  a  year-round  liquid 
antioxidant  tor  ease  of  handling. 


Composition,  W»% 

733- 

TotuftrwtO 

733- 

Toluene  60 

"Ethyl"  Antioxidant  733  (Min.) 

80 

60 

Toluene 

20 

40 

Physical  Properties  (typical) 

r— 

Form 

Liquid 

Liquid 

Color 

Yellow 

Yellow 

Density@68°F(20°C) 

g/ml 

Ib/U.S.gai. 

0.92 

7.7  1 

0.91 

7.6 

Flash  Point  (TOC),  °F(“C) 
(TCC),  °F(°C) 

80(27)  ' 

76(24) 

68(20) 

46(8) 

Freezing  Point,  °F  (°C) 

35(2)* 

10(-12) 

Viscosity 
SUS@  68^(20*0 
cSt  @  4G°C  (104°F) 
ISO  VG(ASTMD  2422) 

43 

2.46 

2 

34 

1.42 

2 

Solubility  <g  SB*F  (20*C) 

Wt% 

In  Toluene 

Miscible 

Miscible 

In  Water 

Insoluble 

Insoluble 

ln10%NaOH 

8  Max. 

6  Max. 

lnl%HrSO« 

Insoluble 

Insoluble 

Supercoots 


v 


733-MDA 

"Ethyl”  Antioxkjant  733-MDA  is  a  physical  mixture  of  “Ethyl"' 
Antioxidant  733  and  '"Ethyl”  Metal  Deactivator.  Three  combi¬ 
nations  are  offered  covering  a  range  of  product  ratios.  The 
additive  combination  provides  economy  in  additive  inventory 
and  handling  and  insures  the  addition  of  the  small  concentra¬ 
tion  of  metal  deactivator  normally  used. 


Composition,  Wt  % 

733- 
MO  A  SO 

733- 

MDA  S7 

733- 

MDA  SO 

“Ethyl” 
Antioxidant  733 

80 

67 

50 

"Ethyl”  MDA, 
Total  (80%  Active 
plus  20%  Xylene) 

20 

33 

50 

Physical  Properties  (typical) 

Form 

■» -  -  Liquid  —  ■— 

Color 

|  •»  Amber - •» 

Density  @  68°F  (20°C) 
g/ml 
iblU.S.gai. 

0.97 

8.1 

0.99 

8.2 

1.01 

8.4 

Flash  Point  (COC),  °F  (°C) 
(TCC),“F(°C) 

216(102) 

108(42) 

187(86) 

80(27) 

167(75) 

66(20) 

Freezing  Point,  °F  (°C) 

55(13)' 

45(7)' 

35(2)' 

KSOOoiiy 

SUS  6TF  (20°C) 
cSt@40“C(104P) 
ISO  VG(ASTM  02422) 

185 

9.87 

to 

233 

12.86 

15 

293 

17.76 

15 

solubility  @  err  (30*C) 

In  Toluene 

* .  —  Miscible  ■  — —  p» 

In  Water 

— . Insoluble - - 

In  Caustic 

733  component  insoluble — see 
"Ethyr"  Antioxidant  733. 

MDA  component  soluble.  *  * 

"  Supercools  to  much  lower  temperature*. 

‘  ■  MDA  should  not  be  added  to  a  fuet  until  after  the  final  caustic  wash  because  it » 
subject  to  extraction  by  the  caustic. 


HANDLING  AND  BLENDING 

“Ethyl”  Antioxidants  701 , 733,  and  73S  are  chemically  quite 
closely  related.  The  major  component  of  all  three  is  2. 6-di- 
fert-butylphenoi,  which  is  essentially  the  only  compound  in 
"Ethyl”  701 .  Thus,  one  can  expect  that  use  areas  will  overlap 
considerably. 

Since  "Ethyl”  701  is  one  compound,  it  has  the  highest  and 
sharpest  melting  point  at  97°F  (36°C).  Normally  a  solid,  it  may 
become  partially  or  completely  liquid  when  exposed  to  bright 
sunlight  in  warm  climates. 

Since  "Ethyl"  733  and  735  are  mixtures,  they  can  exist  partially 
liquid  and  partially  solid  over  relatively  broad  temperature 
ranges.  Both  also  have  a  tendency  to  “supercool”  or  remain 
liquid  at  temperatures  below  their  freezing  points.  In  other 
cases .  they  solidify  completely,  particularly  when  exposed  to 
low  temperatures  for  long  periods,  and  warming  to  ambient 
temperature  will  not  completely  melt  the  products.  If  this  situa¬ 
tion  is  encountered,  it  is  recommended  that  the  contents  be 
heated  to  at  least  100°F  (38°C)  to  melt  the  solids.  Agitation  will 
speed  the  melting  process  and  assure  homogeneity  through¬ 
out  the  container. 

It  is  good  practice  to  occasionally  check  containers  of  “Ethyl" 
733  and  735  for  the  presence  of  solids.  This  avoids  discarding 
quantities  of  solid  product  that  may  adhere  to  the  bottom  or 
sides  of  containers.  A  complication  sometimes  encountered 
stems  from  the  fact  that  such  solids  tend  to  be  not  only  higher 

antioxidants  than 

the  liquid  portions.  Thus.  ii  the  liquid  portions  are  ..  ■  one 

batch  of  product  and  the  solids  in  another,  they  may  differ  in 
their  antioxidant  effectiveness.  Obviously,  the  best  procedure 
is  to  use  “Ethyl”  733  and  735  as  homogeneous  liquids. 

“Ethyl”  701 , 733,  and  735  will  withstand  considerable  expo¬ 
sure  to  air  and  heat  without  degradation  providing  high 
temperatures  are  not  maintained  for  long  periods.  Electric 
drum  blankets,  hot  rooms,  or  low-pressure  steam  are  com¬ 
monly  used  tor  melting. 


f  : 

i 

l  .  | 

i 

,  ! 


APPROVALS 


spvcmcMion 

733 

733- 

POA(D) 

733- 

FOA(H) 

733- 

MOA 

701 

73S 

For  Motor  QMoNnti 

MIL-G-3056 

1 «  1 « 

For  Aviation  QaeoUnee 

MtL-G-5572 

O 

• 

o 

0 

o 

o  | 

0 

ASTM  D-910  (Commercial) 

o 

;  e 

• 

! 

1 

0 

o 

o  | 

L* , 

For  Jet  and  Racket  Fuels 

MIL-T-5824  ( JP-4,  JP-5) 

o 

.  1 

o 

e 

0 

o 

MIL-T3821 9  (JP-7) 

o 

o 

o 

0 

o 

o 

MIL-T-83133  (JP-8) 

0 

o 

o 

o 

# 

o 

MIL-F-25558  (USAF)  (RAM  Jet.  RJ-1 ) 

o 

o 

o 

0 

o 

o 

MIL-P-25576  (Rocket  Fuel,  RP-1 ) 

0 

0 

o 

0 

o 

MIL-F-25524  (Thermally  Stable) 

0 

o 

o 

o 

0 

• 

o 

British  0  Eng.  RO-2494 

o 

o 

o 

0 

0 

ASTM  D-1655  (Commercial) 

0 

• 

■  -  -  1 

o 

0 

0 

0 

0 

0 
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SAFETY 

DOT 


Other 


ORDERING  AND  SHIPPING  INFORMATION 


701 

6.  8  4 
10.000 

400 

702 

— 

50(2) 

703 

— 

0) 

728 

733 

6.8  4 
10.000 

400 

735 

6.  8  A 
10,000 

400 

PDA 

Sues  on 
Request 

425 

POA(D) 

. 

400 

POA(H) 

400 

75 

7n.om  _ 

6.8  4 
10.000 

400 

'  JJ'rUA 

so 

6.  8  A 
10,000 

425 

733  79 

6.8  4 
10.000 

400 

POAtO)  5Q 

6.8  4 
10.000 

400 

733  ii 

6.8  4 
10.000 

400 

PDA(H!  M 

m 

425 

-rn,  80 

733  _ 

6,8  A 
10.000 

425 

Toluene  _ 

60 

6.8  4 
10,000 

400 

ao 

6.8  4 
10.000 

425 

733  MDA  67 

6.8  4 
10.000 

425 

SO 

6.8  4 
10.000 

450 

80 

MOA  _ 

480 

50 

Sizes  on 
Request 

425 

44 

HOA  —  - 

6.6  4 
10.000 

450 

22 

6.8  4 
10,000 

425 

■■  Order  and  Shipping— Standard  ConMmr 

( 1 )  lank  cars  on  North  American  continent  only  Tank  trucks  loaded  to  minimum 
appkcaoie  tanlt  weight  Any  under  loading  penalty  to  customer  's  account. 

(2)  50  LO  bags  are  boxed  in: 

Thick  Lot  Carload  Lot 


Dual  Pak 

100  lbs.  net 

289 

347 

QuadPak 

200  lbs.  net 

146 

175 

MPak 

t  .000  ibs,  net  (Palleted) 

28 

34 

Ton  Pak 

2.000  Ibs.  net  (Palleted) 

15 

18 

24  gallon  (too  lbs  net)  leverpak  is  a  non-standard  container 

(3)  Available  m  24  gallon,  Leverpak.  tare  9  lbs.,  net  100  lbs. 

(4)  Available  m  a  gallon  Fibre  P ak.  tare  5  IDS.,  net  25  lbs. 

(5)  728  >s  available  m  tank  car.  tank  truck  lots  as  custom  oil  blends 

(6)  Combustible  liquids  are  non-reguiatsd  in  containers  less  than  !10  gallon 
capacity 


O  Contains  toluene  or  xylene,  thus  considered  toxic  orally 

» —  -  - - *■ —  - — »  a u 

nvcniDonvy  nwionng  m  rn  m  an 

RmrhMi  Knp  away  from  heat  spares  and  open  flame.  Keep  container 
ctoeao.  Use  with  adequate  ventilation 


Keep  away  from  heat  and  open  flame. 

__  .  i  (Causae  Bums)  Oo  not  get  in  eyes,  on  skm.  or  on  clothing  Avoid 
breathing  vapor  Keep  container  closed  Use  with  adequate  ventilation  Wash 
thoroughly  after  handling.  First  Aid  in  case  at  contact,  immediately  flush  eyes  or 
skin  with  plenty  of  water  for  at  least  t5  minutes  while  removing  contaminated 
clothing  and  shoes.  Call  a  physician.  Wksh  clothing  before  re-use 
Toxtc  Germany  Avoid  contact  with  eyes.  skm.  and  clothing  Wash  thoroughly 
after  handling  First  Aid .  In  case  of  contact,  immediately  flush  eyes  or  skm  with 
plenty  of  water  for  at  least  15  minutes  while  removing  contaminated  clothing  and 
shoes.  Call  a  physician.  Wash  clothing  before  reuse 

Italic  OraHy  Wash  thoroughly  after  handling  first  Aid  (for  tofaene  and  xyfene- 
confa/mng  products!  If  swallowed,  do  not  induce  vomiting.  Call  a  physician 
immediately.  First  Aid  (others ):  If  swallowed,  dnnk  one  or  two  glasses  of  water  and 
induce  vomiting  by  touching  back  of  throat  with  finger  or  blunt  obiect  Call  a 
physician  Never  induce  vomiting  or  give  anything  by  mouth  to  an  unconscious 
person. 

Bye  and  SWn  trrttanf  Avoid  contact  with  eyes.  skm.  and  doming  Wash 
thoroughly  after  handling.  First  Aid  In  case  of  contact,  immediatety  flush  eyes  or 
skin  with  plenty  of  water  for  at  least  15  minutes  while  removing  contaminated 
clothing  and  shoes.  Calf  a  physician.  Wash  clothing  before  re-use 
Eye  kiilant  Avoid  contact  with  eyes.  Wash  thoroughly  after  handling.  First  Aid. 
In  case  of  contact,  immediately  flush  eyes  with  plenty  of  water  lor  at  least  15 
minutes.  Call  a  physician. 


The  information  presented  harem  is  believed  to  be  accurate  and  reliable,  but  is  oresented  without  guarantee  or  responsibility  on  the  part  of  Ethyl  Corporation 
Further  nothing  contained  herein  shall  be  taken  as  an  inducement  or  recommendation  to  manufacture  or  use  any  of  the  herein  described  matenafs  or  processes  m 
notation  of  existing  or  future  patents  _ _ 


•dad  or  Wire  Order  a: 
cthyl  Corporation 

Attention:  RC.O.  Distribution  Services 
<51  Florida,  Baton  Rouge,  La.  70801 


UMapttowe  Orders: 

Baton  Rouge  504-388-7060 


TWX  Orders:  ^“Orders: 

Teletype  Directory  Number  588-441 

510— 993-3597  (During  working  hours)  588-431 
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PRODUCTS 

*$/LB.  F.C 

.B.  ORANGEBURG,  SOUTH  CAROLINA 

BULK 

TC/TT 

55  GALLON  DRUMS 

CL/TL 

12  to  TL 

1  -  11 

701 

1.11 

1.  18 

1.20 

1.20 

728 

1.38 

1.45 

1.47 

1.47 

733 

0.67 

0.  74 

0.  76 

0.76 

735 

0.93 

1.  00 

i . 

A  . 

Minimum  Tank  Truck  =  40,  000  lbs,  net 


*$/LB.  F.C 

>.  B.  ORANGEBURG.  SOUTH  CAROLINA 

702 

■CTSTSRnC 

TON-PAK 

1.59 

1.60 

---- 

— 

M-PAK 

1.60 

1.61 

1.62 

---- 

QUAK  PAK  or  DUAL-PAK 

1.61 

1.62 

1.63 

1.67 

DRUM 

1.65 

1.66 

1.67 

1.71 

For  terms  and  other  information,  see  back. 


Ethyl  Corporation 

Petroleum  Chemicals  Division 


1  Hssslss  Cfter  .  S«H«  MS  ■  H— *■.  Xu.  Tim «  TIVSS4  MSS 

HOUSTON  •  NSW  rONK  •  CHICAGO  •  TuiSA  •  lOS  ANOfkIS  •  CUVSkANO 
AHIIAOILAHIA  .  KANSAS  Cl»»  •  OAktAS  '  OSNVlA  •  SAN  ANANClSCO 
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saif  Ij.-  ^ 

imhUIimmI 


*  Based  upon  availability  of  product.  If  shipments  are  made  from  Houston,  Texas 
or  Wilmington,  California,  add  $0. 04/pound  or  $0. 07/pound  respectively,  except  on 
products  containing  "Ethyl"  Antioxidant  733,  add  $0. 02/pound  and  $0. 04/pound  respec¬ 
tively. 


Drum  Loading  (55-Gallon  Drums)  -  Tare  48  Lbs. 


Product 

701 
728 
733 
735 

702  (24  gallon  drum) 


Net  Wt.(Lbs.) 
400 
425 
400 
400 
100 


50  Lb.  Bags 


Nominal 

702  Net  Wt.  (Lbs.)  Tare  Wt.  (Lbs. ) 


Ton-Pak 

(40  bags)  -  palletized 

2,000 

78 

M-Pak 

(20  bags)  -  palletized 

1,000 

64 

Quad-Pak 

(  4  bags)  -  not  palletized 

200 

7 

Dual-  Pak 

(  2  bags)  -  not  palletized 

100 

5 

TERMS: 

Net  30  days  or  earlier  at  Ethyl's  option.  All  orders  subject  to  acceptance  by  Ethyl 
Corporation.  Prices  subject  to  change  without  notice  unless  protected  by  contract. 


ORDERING  INFORMATION: 


Shipment  of  product  may  be  most  expeditiously  handled  by  direct  contact  with  our 
Distribution  Services  Group  by  mail,  telephone,  or  wire. 


MAIL  OR  WIRE:  TELEPHONE: 

Ethyl  Corporation  Baton  Rouge: 

Attn:  PCD  Distribution  Services  504-388-7080 

451  Florida 

Baton  Rouge,  La.  70801 


TWX  or  TELEX 
Teletype: 
510-993-3597 
Telex: 

586-441 
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"ETHYL"  GASOLINE  ADDITIVE  PRICES 


PRICE  BULLETIN 


Effective  Date:  December  15,  1979 


PRODUCTS 


733 

MPA-447R 
MPA-447RB 
MPA-448 
k*  MDA  80 
**  MDA  50 
733-PDA  75 
733-PDA  50 
733-PDA- H  75 
733-PDA-H  50 
733-PDA- H  25 
733-MDA  80 
73 3 -MDA  67 
733-TOL  80 
733-TOL  60 


1  *$/LB.  F.O.  B.  ORANGEBURG.  SOUTH  CAROLINA  I 

BULK 

55  GALLON  DRUMS  1 

TC/TT 

CL/TL 

12/TL 

mBBH 

0.  670 

0.  740 

0.760 

0.760 

0.  870 

0.  940 

0.960 

0.  960 

0.  840 

0.910 

0.930 

0.930 

0.  740 

0.  810 

0.  830 

0.830 

3.400 

3.440 

3.450 

3.450 

2.280 

2.  320 

2.  330 

2.330 

1.  120 

1.  190 

1.210 

1.210 

1.550 

1.620 

1.640 

1.  640 

0.995 

1.  065 

1.085 

1. 085. 

1.  310 

1.380 

1.400 

1.400 

1.630 

1.700 

1.720 

1.720 

1.240 

1.310 

1.  330 

1.330 

1.  600 

1.670 

1.690 

1.690 

0.  583 

0.653 

0.673 

0.673 

0.  485 

0.555 

0.575 

0.  575 

Minimum  Tank  Truck  =  40-  000  pounds  net. 
**  F.  O.  B.  Origin 


PRODUCTS 

PDA 

(1) 

(2) 

PDA-D 

(1) 

(2) 

PDA-H 

(3) 

(4) 

2.  360 
2.410 

1.  610 
1.660 

1.  890 
1.  940 


For  PDA's  CL/TL  =  30,  000  lbs. 

net  minimum  load. 

For  terms,  zones,  and  small 
containers,  see  back. 


55  GALLON  DRUMS 


LTL 

5  or  More 


2.430 

2.480 

1.680 

1.  730 

1.960 

2.  010 


1.930 

1.980 


2.480 

2.480 

1.  730 

1.  730 

2.  010 
2.  010 


Ethyl  Corporation  raSwi 

Petroleum  Chemicals  Division 

2  HiHi  C— ter  •  Sate  MS  •  Hoi—.  Iks.  77—2  •  713/4S4-— 

HOUSTON  •  NSW  VOAR  •  CHICAGO  •  TULSA  *  LOS  ANGCLSS  •  CLlVf LANO 
Philadelphia  •  Kansas  City  •  Dallas  •  OinvKA  •  san  fpanciSCO 


swrr  ■wv.i'vwj; 
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(1)  Continental  U.S.  except  California,  Oregon  and  Washington. 

(2)  California,  Oregon,  and  Washington. 

(3)  East  of  Denver,  Colorado. 

(4)  West  of  Denver,  Colorado  (Alaska  not  included). 

*  Based  upon  availability  of  product.  If  shipments  are  made  from  Houston,  Te.  is 
or  Wilmington,  California,  add  $0. 04/pound  or  $0.07 /pound  respectively,  excep.  .,n 
products  containing  "Ethyl"  Antioxidant  733,  add  $0. 02/pound  or  $0. 04/pound  respec¬ 
tively. 

TERMS: 

Net  30  days  or  earlier  at  Ethyl's  option.  All  orders  subject  to  acceptance  by 
Ethyl  Corporation.  All  prices  are  subject  to  change  without  notice  unless  protected 
by  contract. 


Drums  Loading  (55-Gallon  Drums)  -  Tare  48  Lbs. 


Product 

Net  Wt.  (Lbs.) 

Product 

Net  Wt. 

733 

400 

733- PDA  75 

400 

PDA 

425 

733-PDA  50 

425 

PDA-D 

400 

733- PDA-H  75 

400 

PDA-H 

400 

733- PDA-H  50 

425 

MPA-447R 

400 

733- PDA-H  25 

425 

MPA-447 RB 

400 

733- MDA  80 

425 

MPA-448 

400 

733-MDA  67 

425 

MDA  80 

480 

733-TOL  80 

425 

MDA  50 

425 

733-TOL  60 

400 

30-Gallon  Containers 

Product  Net  Wt.  (Lbs,) 

MDA  80  260 

MDA  50  240 

ORDERING  INFORMATION 

Shipment  of  product  may  be  most  expeditiously  handled  by  direct  contact  with  our 
Distribution  Services  Group  by  mail,  telephone,  or  wire. 

MAIL  OR  WIRE:  TELEPHONE-  TWX  or  TELEX 

Ethyl  Corporation  Baton  Rouge: 

Attn:  PCD  Distribution  Services  504-388-7080 

451  Florida 

Baton  Rouge,  La.  70801 


APPENDIX  A 
PART  3 

Petrolite  Corporation 
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3M  Mmfcd  Anaai  /  Stwt  Louo,  Mawri  631  tt 

—  (314)Nt-3SM/TVIfX  I10-7M-1M4/T4ix  44-2417 


March  26,  1980 


Mr.  Robert  Larson 
USAE-WES-EE 
P.  O.  Box  631 
Vicksburg,  MS  39180 

Dear  Mr.  Larson: 

As;per  your  request,  please  find  enclosed  literature  pertaining  to 
Tretolite's  Finished  Product  Additives. 

Tretolite  Industrial  Price  List  is  also  enclosed  for  your  reference 
file. 

If  additional  information  is  required,  don't  hesitate  to  contact  us. 

Sincerely, 

TRETOLITE  DIVISION 


H.  S.  Andrews,  Jr. 
Refinery  Product  Manager 


HSA:jm 

Enclosures 
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DIVISION 

Saint  Louis.  Missouri  631 19 
(314)961-3500 

London  NW3  6JE,  England 
(01)  566-1251 


TWETOUTE  PRODUCTS  FOR  INDUSTRIAL  FUELS 


KONTOL*  KI-16 

Vanadium  Corrosion  Inhibitor  Additive 


DESCRIPTION 

KM  6  is  a  liquid,  oil-soluble,  organo-magnesium  fuel  additive  for  vanadium  inhibition  in  crude  oil  and 
residual  grade  fuel  oils.  It  is  particularly  recommended  to  combat  high-temperature  vanadium  corrosion  in 
industrial  gas  turbines  designed  to  operate  on  heavy  fuels.  KI-1 6  meets  turbine  manufacturer  s  additive 
specifications.  KI-16  provides  a  minimum  eight  percent  active  magnesium  in  a  non-abrasive  and  ready-to- 
use.  highly  soluble  form.  The  controlled  low  trace-metal  level  of  KI-16  allows  high  dosage  without  additional 
contamination  in  fuels  containing  significant  amounts  of  vanadium. 

APPLICATION 

Add  KI-16  directly  to  nearly  ash-free  gas  turbine  liquid  fuels  sucn  as  grades  2-GT  and  3  GT,  with  minor 
vanadium  contamination.  In  other  low  to  high  ash-bearing  fuels  requiring  sodium  and  potassium  reduction 
to  specification  levels.  KI-16  is  added  after  water-washing  and  fuel  purification  by  electrostatic  or 
centrifugal  techniques.  Add  KI-16  to  circulated  warm  fuel  and  assure  adequate  mixing  by  magnesium 
analysis.  Completely  oil-soluble.  KI-16.  when  pre-mixed  with  stored  clean  fuel,  does  not  degrade,  settle 
out  or  stratify. 

DOSAGE 

Use  a  minimum  of  37.5  ppm  of  KI-16  (by  weight)  for  each  ppm  of  ''anadium  present  in  the  fuel.  This  will 
maintain  the  turbine  manufacturer's  recommended  3-to-1  magnesium  to  vanadium  treating  ratio. 

TYPICAL  PROPERTIES 

Form . Clear  dark  liquid 

Density,  Ibs./gal . 9.25 

Pour  point.  °F  . -20 

Particle  size,  fi  99.9% . <2 

Sediment,  % . <0.05 

Viscosity  SUS.  1 00°F . 950 

Viscosity  SUS.  6Q°F . 2500 

Viscosity  SUS.  30°F . 6000 

Flash  point.  TOC.  °F . >150 

Flash  point.  PMCC,  °F . >120 

STORAGE  AND  HANDLING 

KI-16  is  readily  pumpable  from  unheated  additive  storage  at  temperatures  above  32°F.  it  is  stable  in  mild 
steel  and  aluminum  storage  tanks  or  in  original  containers  over  long  periods  of  time. 

KI-1 6  is  an  industrial  chemical  and  should  be  handled  with  the  same  precautions  as  used  with  ordinary 
distillates,  solvents,  and  weak  alkalis.  Avoid  open  flame.  Avoid  skin  and  eye  contact.  Wash  contaminated 
areas  with  soap  and  water. 

AVAILABILITY 

KI-16  is  supplied  in  bulk  quantities  and  in  net  55-U.S.  gallon,  non-returnable  steel  drums  (550  pounds  gross. 

510  pounds  net  weight).  Shipping  Classification:  "Compound.  Crude  Petroleum  Treating ", 

Tretolite  Division  sales  offices  and  warehouses  are  located  in  major  petroleum  producing  centers. 
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TOLAii  Cold  Flow  Improvers 
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A-123 


naO<n«ir», 


f  < 


TOLAD. 

Cold  Flow  Improvers 

Tolad*  Cold  Flow  Improvers  are  controlled- 
structure  polymer  compositions  in  aromatic  hydro¬ 
carbon  solvents.  They  provide  an  economical  means 
of  improving  the  low  temperature  handling  proper¬ 
ties  of  middle  distillate  fuels  without  adversely 
affecting  fuel  stability  and  water  tolerance. 

WHY  THEY  ARE  USED 


. . .the  answer 
to  winter  handling 
and  storage  problems 


TOLAD  Cold  Flow  Improvers  (right)  enable  fuel  to 
How.  At  the  same  temperature  untreated  fuel  (left) 
is  solidified. 


rrsf£f*emme-rr;: _ m,  wwyttwta 


Heating  oils  and  diesel  fuel  contain  wax  portions 
which  can  separate  and  crystallize  during  exposure 
to  cold  climates.  The  wax  crystals  form  a  lattice 
structure  which  restricts  fuel  flow  through  filters 
and  lines  and  can  eventually  solidify  the  entire  fuel 
mass,  causing  clogging  problems  for  the  , 

distributor,  or  consumer. 

Tolad  Cold  Flow  Improvers  modify  the  natural 
wax  crystal  formation  pattern,  thereby  preventing 
the  growth  of  large,  troublesome  crystals  during 
winter  storage  and  handling. 

Historically,  kerosene  has  been  blended  with  other 
fuel  components  to  lower  the  pour  point  and  keep 
fuel  fluid  in  cold  weather.  Often,  however,  fuels 
may  require  costly  kerosene  blending  for  frigid 
climates.  When  kerosene  is  needed  for  jet  fuel  and 
other  more  profitable  blending  operations,  it  is  un¬ 
economical  to  downgrade  it  to  heating  oil. 

By  providing  flexibility  in  refining  operations,  the 
use  of  Tolad  Cold  Flow  Improver  aids  the  refiner 


in  matching  fuel  component  inventories  with  their 
most  profitable  end  use. 

Tolad  Cold  Flow  Improvers  are  supplied  in  drums, 
:ank  truck,  or  tank  car. 


marketing  area  and  upon  the  response  of  the  par¬ 
ticular  fuel  blend  to  additive  treatment.  Commonly, 
50  ppm  to  500  ppm  will  satisfy  most  field 
re-  uirements. 


APPLICATION 


Determining  Additive  Requirements 


Tolad  Cold  Flow  Improvers  should  be  added  to 
fuels  at  temperatures  above  their  cloud  point.  Addi¬ 
tion  can  be  made  any  place  in  the  fuel  distribution 
system  where  adequate  mixing  will  be  obtained. 
TF.j  .equired  additive  concentration  depends  upon 
the  expected  weather  severity  in  the  geographical 


Laboratory  testing  is  suggested  to  determine  ap¬ 
proximate  additive  requirements  for  a  particular  ' 
fuel  blend.  No  one  lab  test  can  accurately  simulate 
all  actual  field  environment  conditions.  The 
Treiolite  laboratory  therefore  employs  testing  to 
measure  effects  on  pour  point,  fluidity,  and  pump- 
ability,  then  correlates  this  information  with  the 
refiner’s  previous  laboratory  and  field  experience. 

STORAGE 


Tolad  Cold  Flow  Improvers,  liquid  at  room  tem¬ 
perature,  should  be  stored  indoors  or  diluted  with 
aromatic  hydrocarbon  to  maintain  pumpability.  Di¬ 
lution  also  fosters  quick,  efficient  distribution  in 
the  fuel. 

TECHNICAL  SERVICE 


Your  nearby  Tretolite  service  engineer,  backed 
by  Petrolite’s  extensive  research  facilities  and  test¬ 
ing  laboratories,  stands  ready  to  assist  you  in  ob¬ 
taining  maximum  performance  and  economy  from 
Tolad  Cold  Flow  Improvers.  Ask  the  Man  in  the 
Red  Car  about  your  particular  application. 
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TOLAD-31  Cold  Flow  Improver  is  a  completely  organic, 
ash  free  pour  point  depressant  designed  for  use  in  crude 
oil,  heavy  fuel  oils  and  gas  oils. 

TOLAD-31  reduces  the  natural  pour  point  of  waxy  crude 
and  heavy  oils  allowing  them  to  be  stored,  handled  and 
transported  without  having  to  use  and  maintain  expensive 
heating  devices  or  diluents.  A  typical  application  is  in 
the  storage  and  transportation  of  cat  cracker  feedstock 
where  TOLAD-31  is  being  used  to  lower  the  pour  point  by 
50° F.  or  more.  Since  TOLAD-31  functions  by  modifying 
wax  crystal  formation,  it  should  be  added  when  the  fuel 
is  warm  (prior  to  wax  formation).  Typical  use  rates  are 
200  to  4000  ppm  depending  on  the  properties  and  response 
of  the  actual  fuel.  Simple  laboratory  tests  can  be  con¬ 
ducted  to  determine  adequate  use  rates. 

Form:  Amber-brown  viscous  liquid. 

Specific  Gravity:  0.893 

Weight:  7.  45  pounds /gallon 


Viscosity: 

Temp.  “F. 

SUS 

CS 

60 

50.8 

7.6 

100 

41.4 

4.7 

130 

37.  3 

3.4 

Pour  Point:  20  -  30* F. 

Flash  Point,  TOC:  125°F. 

TOLAD-31  is  not  considered  a  toxic  substance,  but  should 
be  handled  with  the  same  precautions  used  for  industrial 
solvents.  The  product  has  been  designed  for  easy  handling 
and  injection. 

TOLAD-31  is  supplied  in  55-gallon  nonreturnable  steel 
drums,  approximately  440  pounds  gross  weight,  and  also 
in  bulk  quantities. 

Shipping  classification  is  "Compound,  crude  petroleum 
treating" . 
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TOLAD-  T-35 
Cold  Flow  Improver 


GENERAL  DESCRIPTION 

TOLAD  T-35  is  a  controlled  structure  polymer  composition  in  aromatic  hydrocarbon  solvent.  TOLAD  T-35  improves  the 
cold  flow  characteristics  of  middle  distillate  fuels  by  modifying  the  wax  crystal  structure. 


RECOMMENDED  USE 

The  flexibility  and  economics  of  fuel  blending  operations  can  be  greatly  improved  by  using  TOLAD  T-35  to  achieve  the 
desired  cold  weather  fuel  handling  properties.  For  example,  fuel  component  percentages  can  be  altered  and/or  end  points 
changed.  Changes  can  be  made  to  reflect  the  cost  or  price  of  the  fuel  blend  components  or  to  imrpove  fuel  quality. 
TOLAD  T-35  can  be  used  economically  to  overcome  any  deterioration  of  cold  flow  properties  resulting  from  these 
changes. 

Fuel  cold  flow  properties  can  be  evaluated  in  the  laboratory  by  procedures  such  as  the  pour  point,  fluidity,  and 
pumpability  tests.  Typically,  50  to  500  ppm  of  TOLAD  T-35  is  used  depending  upon  the  fuel  and  the  flow  properties 
desired.  For  example,  the  pour  point  of  a  fuel  may  be  lowered  by  up  to  50°F.  or  more  through  the  use  of  TOLAD  T-35. 


APPLICATION 

TOLAD  T-35  can  be  added  to  fuels  at  any  point  in  the  fuel  distribution  system,  however,  maximum  efficiency  is  obtained 
when  the  addition  is  made  to  warm  fuel.  Wax  crystals  grow  in  middle  distillate  fuels  as  their  temperature  decreases.  The 
addition  of  cold  flow  improver  to  hot  or  warm  fuel  allows  the  additive  to  be  present  during  the  early  growth  of  the  wax 
crystals.  The  addition  of  additive  to  cool  fuel  may  result  in  poor  treating  efficiency.  Addition  of  TOLAD  T-35  near  the 
cloud  point  of  the  fuel  is  of  minimum  benefit.  Continuous  injection  is  more  effective  than  batch  treatment. 

Cold  °ow  improvers  are  often  diluted  in  a  mix  tank  prior  to  injection  in  the  fuel  stream.  Recommended  diluents 
for  TOLAD  T-35  are  aromatic  materials  such  as  reformate,  TOLAD  T-35  is  not  completely  soluble  in  some  hydrocarbons 
at  the  10%  to  50%  dilutions  used  in  mix  tanks.  If  a  suitable  diluent  is  not  available  or  another  diluent  is  preferred,  a  mixer  or 
simple  recirculation  pump  can  be  employed.  TOLAD  T-35  is  completely  soluble  in  fuels  at  use  concentrations. 


COMPATIBILITY 

TOLAD  T-35  in  fuel  strength  is  compatible  with  other  pour  point  depressant  additives  and  most  fuel  oil  stability  additives. 
If  TOLAD  T-35  is  to  be  mixed  in  a  storage  tank  with  another  additive,  prior  to  injection,  their  compatibility  should  be 
investigated  before  mixing  them.  Separate  injection  may  be  necessary  in  some  cases. 

The  compatibility  of  TOLAD  T-35  and  other  fuel  additives  has  been  investigated  at  use  concentration  in  fuels. 
No  detrimental  effects  were  observed.  Other  additives  continued  to  function,  for  example,  as  rust  inhibitors,  fuel  degradation 
inhibitors,  dispersants,  etc.,  in  the  presence  of  TOLAD  T-35.  When  tested  alone,  TOLAD  T-35  show*  no  effect  on  a  fuel’s 
corrosiveness  or  stability. 
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WATER  TOLERANCE 


Fuels  containing  TOLAD  T-35  have  been  evaluated  on  many  types  of  laboratory  tests  designed  to  determine  the  ability 
of  a  fuel  to  shed  water.  Several  fuel/water  ratios  and  methods  of  mixing  the  fuel  and  water  have  been  investigated  to 
simulate  the  various  conditions  encountered  in  fuel  storage  and  transportation  systems.  Samples  containing  TOLAD  T-35 
perform  essentially  the  same  as  those  containing  no  additive. 

HANOUNG 

TOLAD  T-35  contains  aromatic  solvent  and  should  therefore  not  be  allowed  to  remain  in  contact  with  the  skin  nor  should 
contaminated  clothing  be  worn  for  a  prolonged  period.  Eyes  should  be  protected.  In  case  of  accidental  splashing  on  the  skin, 
wash  with  soap  and  water. 


TYPICAL  PHYSICAL  PROPERTIES 


Density,  Lb./Gal  @  60°  F . 7.83 

Flash  Point,  SFCC,  °F .  112 

Pour  Point.  ASTM  0-97,  °F .  40 

Viscosity,  SUS.  @  130°F .  115 

Viscosity,  @100°F . 220 

Viscosity,  @  80°F  304 

Ash .  Nil 


AVAILABILITY 

TOLAD  T-3S  is  available  in  SS-gaUon  drums  and  in  tank  truck  bulk  quantities. 


"The  information  contained  in  this  technical  bulletin  is,  to  the  best  of  our  knowledge,  true  and  accurate,  but  Petrolite  Cor¬ 
poration  disclaims  any  liability  with  respect  to  any  recommendations  or  suggestions  made  in  connection  therewith.  There  are 
no  warranties  which  extend  beyond  the  description  on  the  face  hereof." 
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TOLAD  COLD  FLOW  IMPROVER  37 

GENERAL  DESCRIPTION 

TOLAD  37  is  a  blend  of  30%v  TOLAD  35  and  70%v  aromatic  solvent.  This 
dilution  was  commercialized  to  produce  a  product  which  could  be  stored 
and  easily  handled  under  cold  climatic  conditions. 

RECOMMENDED  USE 

TOLAD  37  improves  the  cold  flow  characteristics  of  middle  distillate  fuels 
by  modifying  the  wax  crystalline  structure.  By  using  an  additive,  rather 
than  kerosene,  to  maintain  desired  cold  .weather  fuel  handling  properties, 
flexibility  and  economics  of  operation  can  be  greatly  improved.  In  most 
fuels,  the  improvement  in  cold  flow  properties  is  proportional  to  additive 
concentration.  Typically  150  to  1500  ppm  of  TOLAD-37  is  used  depending 
upon  the  lowest  ambient  temperatures  anticipated. 

Fuel  cold  flow  properties  can  be  estimated  in  the  laboratory  by  pour  point, 
fluidity  and  pumpability  type  test  procedures. 

APPLICATION 

TOLAD  37  can  be  added  to  fuels  at  any  point  in  the  fuel  distribution  system, 
however,  maximum  efficiency  is  obtained  when  the  addition  is  made  to  warm 
fuel.  Wax  crystals  grow  in  middle  distillate  fuels  as  their  temperature 
decreases.  The  addition  of  cold  flow  improver  to  hot  or  warm  fuel  allows 
the  additive  to  be  present  during  the  early  growth  of  the  wax  crystals.  The 
addition  of  additive  to  cool  fuel  may  result  in  poor  treating  efficiency. 
Addition  of  TOLAD  37  near  the  cloud  point  of  the  fuel  is  of  minimum  benefit. 
Continuous  injection  is  more  effective  than  batch  treatment. 

TYPICAL  PHYSICAL  PROPERTIES 


Weight 
Flash  Point 


Pour  Point 
Viscosity  @  0°F. 

"  @  -20’F. 

"  @  -30’ F. 


7. 5  lb.  / gal. 
above  110’F. 
below  -45’F. 

75  SUS 
120  SUS 
155  SUS 


"The  information  contained  in  this  technical  bulletin  is,  to  the  best  of  our 
knowledge,  true  and  accurate,  but  Petrolite  Corporation  disclaims  any 
liability  with  respect  to  any  recommendations  or  suggestions  made  in  con¬ 
nection  therewith.  There  are  no  warranties  which  extend  beyond  the 
description  on  the  face  hereof." 
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TOLAD-61 


DESCRIPTION 

TOLAD-61  is  a  completely  organic,  ash  free  heavy  oil  cold  flow 
improver  in  an  aromatic  solvent.  TOLAD-61  decreases  the  pour 
point  of  waxy  gas  oils,  heavy  gas  oils,  heavy  fuel  oils  and  topped 
crudes  by  modifying  the  wax  crystal  structure. 

RECOMMENDED  USE 

TOLAD-61  is  recommended  to  improve  the  cold  flow  properties 
of  heavy  gas  oils  and  heavy  fuel  oils.  Generally,  TOLAD-61  has 
greatest  activity  in  distilled  products  which  have  high  wax  content. 

APPLICATIONS 

TOLAD-61  will  reduce  the  pour  point  of  gas  oils,  heavy  catalytic 
cracker  feeds  and  distilled  fuels  by  modifying  the  crystal  structure  to 
induce  the  formation  of  small  isotropic  crystals.  A  typical  application 
of  TOLAD-61  is  pour  point  depression  of  a  heavy  catalytic  cracker 
feed  from  a  +  75°F.  natural  pour  to  a  +40°F.  pour  thereby  allowing 
a  refiner  to  pipe  line  the  cat  cracker  feed  from  one  refinery  to  another. 
TOLAD-61  will  also  reduce  the  pour  point  of  #6  heavy  distillate  40*F. 
to  a  sales  specification  of  +  55°F. 

COMPATIBILITY 

TOLAD-61  is  compatible  with  all  hydrocarbons  and  fuels  particularly 
aromatic  fuels.  It  is  compatible  with  other  cold  flow  improvers  and 
fuel  additives. 

TYPICAL  PHYSICAL  PROPERTIES 


Weight  7.  1  lbs.  /gal.  @  130°F. 

FlashPoint  (  SFCC)  above  130BF. 

Melt  Point  100°F.  -  lOS'F. 

Viscosity  145  SUS  @  1  30°F. 

70  SUS  @  21 2*  F. 

Ash  Nil 

"The  information  contained  in  this  technical  bulletin  is,  to  the  best  of 
our  knowledge,  true  and  accurate,  but  Petrolite  Corporation  disclaims 
any  liability  with  respect  to  any  recommendations  or  suggestions  made 
in  connection  therewith.  There  are  no  warranties  which  extend  beyond 
the  description  on  the  face  hereof.  " 
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General  Description 


TOLAD  T-260  is  an  ashless  organic  multifunctional 
distillate  fuel  oil  additive.  TOLAD  T-260  reduces 
residue  formation,  inhibits  color  degradation  and 
effectively  disperses  sludge  to  prevent  plugging  of 
filters,  strainers,  and  nozzles. 


The  concentration  of  TOLAD  T-260  used  depends 
upon  the  nature  of  the  fuel  and  the  fuel  quality 
desired.  With  TOLAD  T-260,  up  to  90%  reduction 
in  the  formation  of  filterable  residue  can  be  obtained 
in  a  wide  range  of  fuels.  It  is  recommended  that 
TOLAD  T-260  be  added  on  a  continuous  basis  to  fuel 
blends  or  to  a  selected  fuel  blend  component  stream. 


Typical  Physical 
Properties: 


Density,  Li*.,’L-l.  Z 

7.  5 

Flash  Point,  SFCC,  *F. 

126 

Pour  Point,  ASTM  D-97,  °F. 

-40 

Viscosity.  SUS,  @  0eF. 

5,  859 

@  30*F. 

1,257 

@  60*F. 

438 

In  handling  TOLAD  T-260,  proper  precautions  com¬ 
mon  to  most  hydrocarbons  should  be  taken.  Avoid 
open  flame.  Avoid  skin  and  eye  contact.  Wash  con¬ 
taminated  areas  with  soap  and  water. 


TOLAD  T-260  is  available  in  55-gallon  nonreturnable 
steel  drums  and  in  tank  truck  bulk  quantities. 


"The  information  contained  in  this  technical  bulletin  is, 
to  the  best  of  our  knowledge,  true  and  accurate,  but 
Petrolite  Corporation  disclaims  any  liability  with  respect 
to  any  recommendations  or  suggestions  made  in  connection 
therewith.  There  are  no  warranties  which  extend  beyond 
the  description  on  the  face  hereof.” 
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TOLAD  T-316  is  a  liquid,  oil-soluble  dispersant  additive 
for  fuel  oils.  It  is  recommended  as  a  pre -combustion  oil 
additive  to  eliminate  sludge  separation  and  deposit  plugging 
of  fuel  lines,  filter  strainers,  preheaters  and  burner  tips 
as  is  often  encountered  in  handling  residual  fuels  containing 
s  ludge . 

All  petroleum  oils  exhibit  sludging  tendencies  in  storage. 
This  is  due  to  oxidation  and  polymerization  reactions  and 
the  eventual  precipitation  of  such  insoluble  derivatives  as 
gums,  resins,  asphaltenes  and  sediments.  Small  amounts 
of  water  present  in  the  fuel  can  also  contribute  to  emul¬ 
sification  and  the  eventual  settling  of  a  thick,  troublesome 
sludge  deposit  in  the  storage  tank  and  fuel  lines. 

TOLAD  T-316  added  to  the  fuel  acts  to  solubilize  and 
prevent  the  sludge  separation  and  stratification.  The 
additive  keeps  the  fuel  contaminants  uniformly  well 
dispersed  for  good  fuel  atomization  and  clean,  deposit 
free  burning. 

Appearance  Dark  Amber  Liquid 


Density,  Lbs. /Gal.  @  60#F. 

7.84 

Flash  Point,  SFCC,  *F. 

141 

Pour  Point,  ASTM  D-97,  *F. 

-5 

Viscosity,  SUS,  @  0*F. 

964 

@  30*F. 

320 

@  60°F. 

140 

TOLAD  T-316  is  a  ready  to  use  liquid  and  is  easily  mixed 
into  fuel  storage  tanks  with  circulation  or  upon  fuel  delivery. 
In  heavy  oils  such  as  Bunker  C,  use  one  gallon  TOLAD 
T-316  to  4,  000  gallons  of  fuel  oil  to  disperse  existing  sludge 
deposits.  Reduce  concentration  1  to  5,  000  to  keep  sludge 
well  dispersed.  Light  fuel  oils  may  require  as  little  as  1 
to  10,  000  to  maintain  a  clean  system.  Tretolite  Sales  Engi¬ 
neers  will  provide  specific  recommendations  for  each 
system. 


PETROLITE 
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TOLAD  T-316  stored  in  sub-freezing  outside  areas  may 
require  warming  for  good  pour  ability.  TOLAD  T-316  is 
an  industrial  chemical  and  should  be  handled  with  the 
same  precautions  as  used  with  ordinary  distillates  and 
petroleum  solvents.  Avoid  open  flame.  Avoid  skin  and 
eye  contact.  Wash  contaminated  areas  with  soap  and 
water. 

TOLAD  T-316  is  supplied  in  bulk  and  in  net  55  U.S.  gallon, 
nonreturnable  steel  drums  (475  pounds  gross,  435  pounds 
net  weight)  from  Tretolite  Division,  Petrolite  Corporation, 
369  Marshall  Avenue,  St.  Louis,  Missouri  63119. 
Telephone:  314/961-3500.  Shipping  Classification: 
"Compound,  Crude  Petroleum  Treating" 


"The  information  contained  in  this  technical  bulletin  is, 
to  the  best  of  our  knowledge,  true  and  accurate,  but 
Petrolite  Corporation  disclaims  any  liability  with  respect 
to  any  recommendations  or  suggestions  made  in  connection 
therewith.  There  are  no  warranties  which  extend  beyond 
the  description  on  the  face  hereof." 
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General  Description 


X-CIDE  320  la  a  brine  soluble,  liquid  polyamlne, 
semi-polar  compound  possessing  excellent  corrosion 
and  bacterial  properties. 


Treatment 


3sSSSS5g»«!»Si 


X-CIDE  320  is  recommended  for  use  in  non-potable 
type  industrial  water  systems  where  bacterial  slime 
and  corrosion  problems  exist.  Examples  of  industrial 
applications  are  Industrial  recirculating  water 
cooling  systems,  oil  field  and  petrochemical  water 
injection  systems;  oil  field  producing  systems,  tanks 
and  disposal  systems  where  the  effluent  does  not 
drain  into  streams,  lakes,  ponds  or  municipal  water 
systems.  X-CIDE  320  is  designed  to  control  both 
aerobic  and  anaerobic  types  of  bacteria  and  algae  and 
fungi.  Of  the  aerobic  types,'  it  is  par  ticul  it  1  - 
recommended  for  the  control  Of  so-called  "iron 
bacteria".  XC-320  is  very  effective  in  controlling 
the  anaerobic  "bulfate  reducing"  bacteria  that  ar< 
responsible  for  producing  large  quantities  of 
hydrogen  sulfide. 


The  Tretollte  representative  will  make  a  specific 
recommendation  foe  your  system.  The  following  are 
typical  treatment  schedules; 

Oil  Field  and  Petrochemical  Systems: 

X-CIDE  320  may  be  used  either  in  slug  treatment  or  in 
continuous  application.  Dosages  may  vary  from  500  ppm 
of  X-CIDE  320  in  slug  application  to  30-50  ppm  of 
X-CIDE  320  in  continuous  treatment.  (k  pint  per  1000 
gallons  equals  approximately  30  ppm.)  A  typical  slug 
treatment  is  to  add  120  ppm  of  X-CIDE  320  (1  pint  per 
1000  gallons  of  water)  at  Intervals  as  needed  to 
prevent  growth  of  bacterial  slime.  Badly  fouled 
systems  may  be  slug  treated  to  establish  control, 
followed  by  continuous  treatment  of  30-60  ppm  (%  to  % 
pints  per  1000  gallons  of  water)  to  maintain  control. 
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Industrial  Recirculating  Water  Cooling  Systems 


Dosages  for  recirculating  water  cooling  towers  or 
evaporative  condensors  will  depend  on  the  condition 
of  the  system  prior  to  treatment.  Systems  which  are 
heavily  fouled  should  be  cleaned  first.  Apply 
X-CIDE  320  to  the  cleaned  system  when  regrowth  is  first 
noticed  according  to  the  following  schedule: 

Initial  Dose:  Apply  120  ppm  of  X-CIDE  320  (1  pint 
per  1000  gallons  .of  water)  in  the  system.  Repeat 
the  dose  once,  twice  or  three  times  a  week  until 
control  of  growth  is  established.  ‘ 

Subsequent  Dose:  When  control  is  evident  on  a 
continuous  basis,  add  sufficient  X-CIDE  to  maintain 
30  to  30  ppm  into  the  blowdown  water  (4  to  7  fluid 
ounces  per  1000  gallons  of  water). 

Apply  X-CIDE  320  at  a  point  in  the  system  where  it 
will  be  uniformly  mixed. 


As  a  corrosion  inhibitor,  X-CIDE  320  is  equally 
effective  as  it  is  a  bactericide  in  preventing 
acid  or  saline  corrosion  attack. 


Specific  Gravity 
Weight  Per  Gallon 
Flash  Point,  TOC 
Pour  Point 


0.963 
8.02 
1 17°F. 

o 

Below  -20  F. 


X-CIDE  320  is  shipped  in  55-gallon  steel  drums, 
F.O.B.  St.  Louis,  Missouri  or  Brea,  California. 


X-CIDE  320  is  an  Industrial  chemical  and  all  the 
normal  precautions  used  in  handling  industrial 
chemical  should  be  observed.  See  label  for 
First  Aid  instructions. 


EPA  Registration  Number  5009-4 
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X-CIDE  370  is  a  water-soluble  liquid,  organic  nitrogen  bactericide. 


X-CIDE  370  is  recommended  for  use  in  those  industrial,  non-potable 
waters  where  a  bacterial  problem  is  clearly  demonstrated.  Examples 
of  X-CIDE  370  applications  are  as  follows:  disposal  water  systems 
where  the  effluent  does  not  drain  into  lakes,  streams,  ponds  or 
public  water  supplies;  water  injection  systems  from  petrochemical 
and  oil  field  operations  and  cooling  water  recirculating  systems. 
X-CIDE  370  will  control  both  aerobic  and  anaerobic  type  bacteria. 
X-CIDE  370  is  very  effective  in  controlling  the  anaerobic  "sulfate 
reducing"  bacteria  that  are  responsible  for  producing  hydrogen 
sulfide.  Recommended  dosage  for  slug  treatments  (the  preferred 
treatment  method)  may  be  as  high  as  500  ppm.  Bacterial  control 
may  be  maintained  by  use  of  30  -  50  ppm  of  X-CIDE  370  on  a 
continuous  basis,  (1/4  pint  per  1000  gallons  equals  approximately 
30  ppm). 


Specific  Gravity,  60°F 

0.930  to  0.945 

Lbs. /Gal Ion,  60°F 

7.75  to  7.87 

Flash  Point,  SFCC 

75*F  (Min.) 

Pour  Point,  (ASTM  D-97) 

-10°F 

Viscosity,  0°F 

1020  SUS 

"  30°F 

340  SUS 

"  60°F 

155  SUS 

"  100°F 

58  SUS 

X-CIDE  370  is  an  industrial  chemical  and  all  the  precautions  taken 
in  handling  industrial  chemicals  should  be  observed. 


X-CIDE  370  is  shipped  in  a  55-gallon  steel  drum,  F.O.B. 
St.  Louis,  Missouri  or  Brec,  California. 

First  Aid  instructions  are  stated  on  the  drum  label. 


EPA  Registration  No.  5009-8. 
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“The  information  contained  in  this  technical  bulletin  is,  to 
the  best  of  our  knowledge,  true  and  accurate,  but  Petrolite 
Corporation  disclaims  an/  liability  with  respect  to  any 
recommendations  or  suggestions  made  in  connection  therewith. 
There  are  no  warranties  which  extend  beyond  the  description 
on  the  face  hereof. " 


April,  1979 
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X-CIDE-401  is  a  biend  of  bactericidal  diamines  and  poly¬ 
chlorinated  phenolic  compounds. 

X-CIDE-401  is  particularly  recommended  for  the  control 
of  bacterial  growths  in  high  brine  or  industrial,  non-potable, 
fresh  waters.  X-CIDE-401  is  highly  effective  in  controlling 
the  anaerobic  bacteria  that  produce  hydrogen  sulfide  as 
well  as  the  aerobic  bacteria  present  in  waters.  Examples 
of  XC-401  applications  are  as  follows:  disposal  water 
systems  where  the  effluent  stream  does  not  drain  into 
streams,  lakes,  ponds  or  municipal  water  systems;  petro¬ 
chemical  and  oil  field  water  injection  systems  and  cooling 
water  recirculating  systems.  Treatment  dosages  may  be 
as  high  os  500  ppm  in  slug  type  applications  to  30  -  50  ppm 
(1/4  of  a  pint  in  1000  gallons  equals  approximately  30  ppm) 
in  a  continuous  application.  A  typical  slug  application  is 
120  ppm  (1  pint  per  1000  gallons). 


Weight,  60°F.,  Lbs. /Gal.  _  8.75 

Flash  Point,  TOC  120°F. 

Pour  Point  -15 

Viscosity,  SUS,  100°F.  49 

Viscosity,  SUS,  130°F.  40 


X-CIDE-401  is  shipped  in  55  gallon  steel  drums,  F.O.B. 

St.  Louis,  Missouri. 

X-CIDE-401  is  an  industrial  chemical  and  all  the  normal 
precautions  used  in  handling  industrial  chemicals  should 
be  observed.  See  Labei  for  First  Aid  Instructions. 

"The  information  contained  in  thia  technical  bulletin  ia, 
to  the  beat  of  our  knowledge,  true  and  accurate,  but 
Petrolite  Corporation  diaclaima  any  liability  with  reapect 
to  any  recommendationa  or  suggeationa  made  in  connection 
therewith.  There  are  no  warranties  which  extend  beyond 
the  deacription  on  the  face  hereof." 

EPA  Registration  No.  5009-14 
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GENERAL  DESCRIPTION 

Tolad*  245  Rust  Inhibitor  is  an  ashless  organic 
fuel  additive,  soluble  in  hydrocarbons  but  insoluble 
in  water,  designed  for  use  in  all  refined  petroleum 
products.  The  addition  of  this  inhibitor  to  a  finished 
product  stream  affords  protection  to  pipelines,  tanks, 
pumps,  and  other  products-handling  equipment. 
Tolad  245  is  compatible  with  the  commonly-used 
anti-oxidants,  dispersants,  metal  deactivators,  and  dyes. 


WHAT  IT  DOES 

Tolad  245  has  a  strong  affinity  for  metal  surfaces, 
particularly  in  an  oxidizing  environment  where  oxy¬ 
gen  and  carbon  dioxide  influence  corrosion.  This 
condition  normally  exists  in  product  pipelines  and 
storage  facilities.  Tolad  245  establishes  a  protective 
monomolecular  film  on  the  surface  of  all  metal  in 
contact  with  the  product  stream.  Because  Tolad  245 
is  entirely  hydrocarbon-soluble,  it  will  not  be  lost 
to  "water  bottoms”  at  pumping  stations.  Therefore, 
only  one  inhibitor  injection  point  is  necessary  to  protect 
an  entire  system  from  refiner  to  consumer. 


WHY  IT  WAS  DEVELOPED 

Organic  rust  inhibitors  have  been  used  for  many 
years  as  the  most  economical,  most  efficient,  and 
safest  method  for  protecting  fuels  and  fuel  trans¬ 
portation  equipment.  Prior  products  were  developed 
primarily  to  offer  good  rust  protection.  Current  fuel 
quality  requirements  of  cleanliness  and  high  WSIM 
ratings  have  focused  attention  on  side  effects  char¬ 
acteristic  of  rust  inhibitors.  Tolad  245  was  spe¬ 
cifically  formulated  to  meet  the  new  high  quality 
requirements  in  today's  fuels  without  contributing 
to  any  of  the  undesirable  side  effects. 


WHY  IS  IT  NECESSARY? 

Rust  and  corrosion  are  directly  responsible  for  two 
major  unfavorable  effects  in  product  lines — product 
contamination  and  reduced  capacity.  These  diffi¬ 
culties  represent  the  most  costly  effects  of  poor 
corrosion  control  in  product  lines. 

Products  contaminated  with  rust  particles  must 
be  settled,  filtered,  or  processed  in  some  manner 
before  they  pass  market  specifications.  Also,  rust 
particles  erode  pumps,  valves,  meters,  and  other 
equipment  by  impingement.  In  cases  of  severe 
corrosion,  sections  of  the  pipeline  may  have  to 
be  replaced. 

Reduced  pumping  throughput  (low  ”C”  factor) 
caused  by  line  friction  increases  the  cost  of  line 
operation.  When  this  condition  exists,  the  cost  per 
barrel  of  products  transported  is  higher,  since  the 
cost  of  transportation  is  divided  among  fewer  '  arrels 
shipped. 


TOLAD  245  OFFERS 

THESE  BASIC  ADVANTAGES  . . . 

1.  Prevents  product  contamination  caused  by  cor¬ 
rosion. 

Non-emulsifying  formulation  with  excellent 
WSIM  rating. 

3.  Reduces  maintenance  by  keeping  the  line  clean, 
eliminating  frequent  scraping. 

4.  Maximum  throughput,  high  "C”  factor. 

5.  Extends  life  of  auxiliary  equipment  (meters, 
valves,  screens,  pumps,  filters,  etc.). 

6.  Approved  under  Military  Specification  MIL-I- 
25017  for  use  in  military  JP-4  fuel. 

7.  Completely  soluble  in  all  hydroca  Hons. 

8.  The  protective  film  formed  by  Tolad  245  offers 
beneficial  lubricity  properties  in  fuel  control 
valves  and  fuel  metering  systems. 

9.  Excellent  low-temperature  handling  characteris¬ 
tics  (— 4S®  F  pour  point). 
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HOW  MUCH  IS  REQUIRED? 


For  maximum  corrosion  protection  and  minimum 
product  contamination,  a  slight  variance  in  initial 
treatment  is  recommended,  depending  on  the  con¬ 
dition  of  the  pipeline. 


New  or  clean  lines 

In  new  or  clean  lines,  it  is  suggested  that  an  initial 
injection  of  one  gallon  of  Tolad  245  be  made  for 
each  thousand  barrels  of  throughput.  This  con¬ 
centration  is  maintained  for  one  week  in  order  to 
establish  quickly  a  uniform  protective  film  on  all 
internal  metal  surfaces. 


Moderately  dean  lines 

When  treatment  is  started  in  older  lines  where 
moderately  high  "C”  factors  are  observed,  a  scraper 


program  is  usually  initiated  along  with  inhibitor 
injection.  The  normal  procedure  is  to  run  scrapers 
daily  (or  as  often  as  possible)  and  to  inject  Tolad  245 
at  the  rate  of  one  gallon  per  thousand  barrels  of 
product  pumped.  This  concentration  is  maintained 
until  the  fuel  in  the  vicinity  of  the  scraper  comes 
through  relatively  clean.  It  is  necessary  to  maintain 
high  inhibitor  concentrations  during  this  time  be¬ 
cause  most  of  the  inhibitor  will  be  adsorbed  on  the 
corrosion  products  (scale)  and  will  not  be  available 
for  adsorption  on  the  clean  areas  in  the  p;r  i: 


Dirty  lines 

Where  extremely  dirty  pipelines  are  to  be  treated, 
it  is  suggested  that  Tolad  245  be  started  at  a  low 
rate  and  increased  gradually  as  the  scraper  program 
progresses.  This  is  necessary  since  Tolad  245  is  an 
excellent  detergent  and  extremely  rapid  removal  of 
dirt  may  cause  scrapers  to  stick.  Therefore,  the 
usual  procedure  is  to  run  a  number  of  scrapers  as 
often  as  possible  prior  to  Tolad  245  injection.  The 
inhibitor  is  then  injected  at  the  rate  of  one  quart 
per  thousand  barrels  of  products  pumped,  and  in 
conjunction  with  a  concentrated  scraper  program. 

As  the  appearance  of  the  hydrocarbon  in  the 
vicinity  of  the  scraper  indicates  maximum  cleanli¬ 
ness,  the  inhibitor  rate  is  increased.  The  rate  of 
injection  is  raised  in  one-quart  increments  until 
the  gallon-per-thousand  rate  is  reached.  This  rate 
is  maximum,  and  is  held  until  the  line  is  considered 
to  be  clean. 


Continuing  protection 

After  initial  treatment,  the  concentration  of 
Tolad  245  should  be  lowered.  Minimum  inhibitor 
concentration  should  be  determined  as  described 
in  "Evaluation  of  Treatment."  Usually  one  quart 
of  Tolad  245  per  thousand  barrels  will  maintain 
protection. 
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EVALUATION  OF  TREATMENT 


1.  Samples  of  inhibited  fuels  may  be  sent  to 
Tretolite’s  laboratory  to  determine  the  degree  of 
protection  in  dynamic  rust  tests.  Test  methods  are 
available  which  correlate  with  actual  field  experi¬ 
ence.  In  addition,  portable  testing  equipment  can 
be  scheduled  to  monitor  entire  pipeline  systems. 

2.  Removable  metal  coupons  or  probes  may  be 
used  to  measure  rust  protection. 

3.  The  degree  of  product  contamination  and  fre¬ 
quency  of  filter  change  can  be  observed  before  and 
after  treatment  with  Tolad  245. 

4.  "C”  factor  (Hazen- Williams  Coefficient)  can  be 
determined  as  a  measure  of  performance. 


TYPICAL  PHYSICAL  PROPERTIES 

Weight . a.1  tb./gai. 

Flash  Point  (TOC) . Above  130*  F 

Pour  Point . —45*  F 

Ash  Content . NU 

Solubility  In  Hydrocarbon . Soluble 

Solubility  in  Water . Insoluble 
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TOLAD  T-245  Rust  Inhibitor 


WHAT  IS  IT  ? 

TOLAD  T-245  is  a  fuel  soluble,  ashless,  organic  rust  inhibitor  designed 
for  use  in  all  finished  petroleum  products  to  protect  pipelines,  tanks, 
pumps  and  vehicles  from  corrosion.  TOLAD  T-245  is  compatible  with 
other  commonly  used  fuel  additives. 


HOW  IT  WORKS 

TOLAD  T-245  forms  a  thin  tenacious  film  on  metallic  surfaces  that 
isolates  the  metal  from  corrosion  elements.  This  film  also  acts  as 
a  lubricant  to  reduce  wear  in  areas  such  as  aircraft  fuel  control 
systems  and  service  station  blending  pumps. 


WHY  WAS  IT  DEVELOPED? 


Obtaining  good  rust  protection  is  not  difficult.  Obtaining  good  rust 
protection  without  effecting  emulsion  forming  tendencies,  as  measured 
by  the  Water  Separometer  Index  Modified  rating,  is  quite  another  matter. 
TOLAD  T-245  is  specifically  designed  to  give  rust  protection  AND  main¬ 
tain  high  WSIM  ratings. 


TOLAD  T-245  gives  these  benefits 

1.  Rust  protection  throughout  an  entire  fuel 
distribution  system  -  with  only  one  injection 
point  needed. 

2.  Little  or  no  decrease  in  the  WSIM  ratings 
of  fuels  at  normal  treating  ratios. 

3.  Excellent  low  temperature  handling 
characteristics. 

4.  Completely  soluble  in  JP-4  fuel  and  iso¬ 
octane  -  try  this  simple  test  with  the 
additive  you  are  using. 

5.  Prevents  product  contamination  and  filter 
plugging  by  preventing  rouge  type  rust 
formation. 
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HOW  MUCH  IS  REQUIRED? 


This  will  vary  with  application.  For  general  pipeline  protection,  a  con¬ 
tinuous  injection  of  about  2  LB.  /1000  BBL.  is  a  good  starting  point. 
Actual  minimum  injection  rates  are  best  established  by  corrosion  coupon 
and/or  electric  resistant  probe  surveys  in  the  field. 


MILITARY  APPROVAL 


TOLAD  T-245  is  qualified  under  Specification  MIL-I-25017  for  use  in 
fuel  MIL-T-5624  (JP-4  and  JP-5).  This  approval  was  granted  on 
March  1,  1968. 


TYPICAL  PHYSICAL  PROPERTIES 

■~v  -  ••  ’  —  -O  '  ->  *. 

Flash  Point.  PMCC,  *F. 

^  rs 

90 

Pour  Point,  ASTM  D-97,  eF. 

below  -40 

Viscosity,  SUS,  @  0*F. 

1,000 

@  30*F. 

280 

@  60*F. 

110 

@  100°F. 

58 

Ash  Content,  %  Maximum 

-.04 

Solubility  In  Hydrocarbon 

Soluble 

Solubility  In  Water 

Insoluble 

HANDLING 


TOLAD  T-245  is  an  industrial  chemical  and  should  be  handled  with  the 
same  precautions  as  used  with  other  petroleum  products.  Avoid  open 
flame.  Avoid  skin  and  eye  contact. 


AVAILABILITY 


TOLAD  T-245  is  supplied  in  55-gallon  nonreturnable  steel  drums  and 
tank  truck  bulk  quantities . 


?Q«lS7@[Ln7S  division 

3M  MmMI  Amn  /  Stilt  Imm,  Mantri  13111 
(314)  M1-3SM  /TWX  91B-7M-16M  /TWtx  44-2417 


TOLAD  T-500  FUEL  EMULSION  PREVENTIVE 


TOLAD  T-500  is  a  liquid  organic  fuel  soluble  additive  used  to  prevent 
emulsion  and  haze  formation  in  gasoline,  fuel  oil  and  other  refined 
products . 


HOW  IT  WORKS 

TOLAD  T-500  prevents  fuel  haze  by  coalescing  water  droplets  as  they 
form  and  it  acts  as  a  surface  active  demulsifier  to  prevent  fuel  and 
tank  bottom  emulsions. 

WHY  WAS  IT  DEVELOPED 

TOLAD  T-500  was  developed  because  of  the  problem  of  hazy  fuels  and 
storage  tank  emulsions  caused  by  the  increasing  use  of  detergent  and 
dispersant  additives  and  by  the  temperature  differentials  encountered 
in  pipeline  transportation. 

APPLICATION 

TOLAD  T-500  is  recommended  at  concentrations  ranging  from  5  to  50 
ppm  depending  upon  the  factors  causing  haze  and  emulsion  formation. 
It  should  be  used  as  a  preventive  treatment  and  therefore  added  to  fuel 
before  haze  develops. 


TYPICAL  PHYSICAL  PROPERTIES 


Density  @  60s F. ,  Lb. /Gal.  8.1 

Flash  Point,  °F.,  SFCC  ASTM  D-3243  112 

Pour  Point,  °F.,  ASTM  D-97  Below  -30 

Viscosity  @  0°F.  ,  SUS  ASTM  D-445  312 

Viscosity  @  30*F. ,  SUS  ASTM  D-445  128 

Viscosity  @  60* F. ,  SUS  ASTM  D-445  67 
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"TOLAD"  MULTIFUNCTIONAL  GASOLINE  ADDITIVE  MFA-21 


WHAT  IS  IT 

TOLAD  MFA-21  is  a  fuel  soluble  ashless,  organic  gasoline  additive.  It  was 
designed  to  provide  carburetor  detergency,  anti-icing  and  corrosion  protection 
without  causing  haze,  dirt  or  sludge  suspension  in  fuel.  TOLAD  MFA-21  is 
compatible  with  other  commonly  used  fuel  additives. 


HOW  IT  WORKS 

TOLAD  MFA-21  removes  existing  carburetor  deposits  and  prevents  further 
deposition  by  a  strong  detergent  effect.  The  formation  of  an  adherent  additive 
film  on  carburetor  surfaces  repels  water  droplets  and  avoids  the  problem 
caused  by  ice  crystal  formation.  This  same  additive  film  protects  the  mu.. 
fuel  distribution  system  from  corrosion,  thus  reducing  contamination  from 
particulate  matter. 

WHY  WAS  IT  DEVELOPED 

There  has  been  industry  interest  to  provide  additional  detergency  to  fuels  by 
increasing  the  concentration  of  multipurpose  additives.  The  detergent  effects 
of  these  additives  often  caused  problems  of  emulsion  and  haze  in  storage. 
TOLAD  MFA-21  was  developed  to  provide  additional  detergency  at  concen¬ 
trations  of  100  ppm  or  higher  without  causing  emulsions,  haze,  or  dirt 
suspension  when  gasoline  contacts  water  in  transport  and  storage. 


HOW  MUCH  IS  REQUIRED 

TOLAD  MFA-21  can  be  added  to  finished  gasoline  from  10-60  pounds  per 
thousand  barrels  depending  upon  the  degree  of  performance  desired. 


TYPICAL  PHYSICAL  PROPERTIES 


WEIGHT 
POUR  POINT 
FLASH  POINT 
ASH 

PHOSPHORUS 


8.0  LB.  / GAL. 
Below  -10*F. 
Above  110“F. 
NIL 
NIL 
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TO  LAD  311 


ANTI-STATIC  ADDITIVE 


GENERAL  DESCRIPTION 


TOLAD  311  is  a  non-metallic  additive  developed  to  improve  the  electrical 
conductivity  of  middle  distillate  fuels.  By  increasing  a  fuel's  conductivity, 
the  electrical  charges  generated  during  mixing  and  shipment  are  allowed  to 
dissipate  and  thereby  reduce  the  hazards  of  charge  accumulation. 

RECOMMENDED  USAGE 

It  is  recommended  that  the  treated  fuel  have  a  minimum  conductivity  value 
of  50  CU  *  (generally  accepted  as  a  minimum  safe  value)  at  fuel  use  temper¬ 
ature.  The  concentration  of  TOLAD  311  required  to  provide  this  is  0.  5  to 
5.0  lbs.  /M  bbl.  in  most  distillate  fuels.  TOLAD  311  may  be  added  as  a 
concentrate  or  diluted  with  most  hydrocarbons,  if  desired. 


BACKGROUND 

Hydrocarbon  fuels  can  generate  an  electrostatic  charge  during  handling  and 
filtration.  Since  most  fuels  have  rather  low  natural  conductivities,  the  charges 
generated  can  accumulate  with  a  resultant  increase  in  field  strength.  If  a 
spark  discharge  occurs  in  a  combustible  mixture,  an  explosion  or  fire  may 
result.  TOLAD  311  imparts  increased  conductivity  to  the  fuel  allowing  the 
charges  generated  to  dissipate  quickly  and  reduce  their  potentially  dangerous 
accumulation.  The  use  of  TOLAD  311  does  not  obviate  the  need  to  follow 
accepted  safety  practices  such  as  proper  grounding  and  flow  control  during 
fuel  handling  and  loading. 


HANDLING 

The  toxicological  properties  have  not  been  fully  evaluated  and  proper  pre¬ 
cautions,  common  to  many  hydrocarbons,  should  be  taken  in  handling. 
Prolonged  or  repeated  skin  contact  should  be  avoided  as  skin  irritation 
may  occur.  In  case  of  skin  contact,  flush  thoroughly  with  water  and  wash 
with  soap  and  water. 


TYPICAL  PHYSICAL  PROPERTIES 


Weight 

Flash  Point  (PMCC) 
Pour  Point  (ASTM  D-97) 
Viscosity  @  32*  F. 

"  @  60*F. 

"  @  100#F. 

.sh,  wt.  % 


7.4  LB.  /GAL. 
105°  F. 

0°  F,  Maximum 
7490  SUS 
1310  SUS 
239  SUS 
0.00 


*i  3U  1  Conductivity  Unit  =  1  Picosiemen/meter  =  1  Pi  com  ho  /meter 
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PET  HO  LITE 

,  M  I'  .>  K  A  I  :  ■>  N 


(SB 


Compound 

Price 

FOB(l> 

A-3089 

$  6.65 

B/C/S 

ACW-11 

10.15 

B/C/S 

ACW-15 

8.50 

B/C/S 

ACW-17 

9.80 

B/QS 

ACW-18 

9.30 

B/QS 

ACW-20 

11.45 

B/QS 

ACW-32 

5.75 

B/QS 

ACW-33 

3.25 

B/C/S 

ACW-34 

9.10 

B/C/S 

ACW-57 

13.50 

B/C/S 

IflMLlEliLavftH  I 

B&i&iMzmmtmkL 


Compound  Price 
0-80  $  8.50 


8.40  B/C/S 


AP-5518 

6.95 

B/C/S 

AW -5533 

7.10 

B/C/S 

0-3 

4.95 

B/C/S 

D-13 

6.25 

B/QS 

0-83 

D-84 

0-89 

0-90 

D-91 

0-95 

0-97 

0-98 

D-102 

0-109 

0-500 

D-501 

D-503 

0-504 

D-1982 

DP -91 03 

DP-9107 

OS  -415 

OS -424 

OS -629 

DS-636 


9.85 

5.75 

12.90 


FOB  (1) 
B/C/S 
B/C/S 
B/C/S 
B/C/S 


2.40/*  B/C/S 
7.30  B/C/S 


10.50 

10.15 

4.60 

4.20 

4.25 

4.85 

6.75 

20.90 

10.50 

6.00 

8.40 

7.15 

6.50 

6.50 

6.70 

6.65 


B/C/S 

B/C/S 

B/C/S 

B/C/S 

B/C/S 

B/C/S 

B/C/S 

B/C/S 

B/C/S 

B/C/S 

B 

B 

B/C/S 

B/C/S 

B/C/S 

B/C/S 


Compound 

Price 

FOBO) 

OS -638 

$  6.65 

B/C/S 

OS -651 

6.90 

B/QS 

DS-655 

6.80 

B/QS 

OS  -656 

6.35 

B/QS 

OS -659 

7.00 

B/QS 

OS -660 

7.00 

B/QS 

OS -677 

6.50 

B/QS 

OS-689 

6.65 

B/QS 

DS-69C 

6.65 

B/Q 

OS -4036 

5.50 

B/C/S 

DS-4Q55 

5.90 

B/QS 

DS-4056 

5.50 

B/QS 

H-0307 

.87/* 

B/QS 

4.35  B/C/S 
5.25  B/QS 
1.15/*  B/C/S 
1.60/*  B/C/S 


8.55  B/QS 


Compound 

Price 

FOB0) 

Compound 

Price 

FOB  (1) 

Compound 

Price 

FOB  (1) 

•190 

$  5.25 

B 

Kl— 61 

$  5.25 

B/C/S 

Rl— 53 

$  7.10 

B/C/S 

K-407 

12.45 

B/C/S 

KI-62 

10.60 

B/C/S 

Rl— 56 

6.80 

B/QS 

K-424 

6.90 

B/C/S 

Kl -63 

4.70 

B/C/5 

RI-57 

7.20 

B/QS 

K-430 

9.80 

B/C/S 

KI-66 

12.70 

S 

Rl-60 

7.40 

B/C/S 

K-430W 

8.40 

B/C/S 

K1-77D 

31.20 

S 

Rl-64 

8.00 

B/C/S 

K-437 

7.10 

B/C/S 

Kl-78 

7.50 

B/C/S 

Rl  -66 

6.50 

B/C/S 

K-443 

8.65 

B/S 

KI-80 

9.90 

B/C/S 

RI-827 

7.10 

B/QS 

K-445 

7.50 

B/C/S 

KI-81 

7.75 

C 

RP-805 

7.00 

B 

K-447 

10.75 

B/S 

Kl -86 

-  9.75 

B/C/S 

RP-841 

7.35 

B 

K-449 

8.25 

B/C/S 

Kl— 160 

10.40 

S 

RP-849 

7.25 

B 

K-450D 

8.35 

B/C/S 

MFA-2  1 

10.95 

C/S 

RP-889 

6.50 

KG-1004 

6.00 

B/C/S 

PA-602 

6.75 

B/S 

RP-2207 

7.25 

B/C/S 

KG-1009 

10.15 

B/C/S 

RH-1067 

6.15 

B/C/S 

RP-2328 

6.30 

B/QS 

KI-16 

6.70 

s 

Rl-1 

10.00 

B/C/S 

RP-2334 

6.90 

B/C/S 

KI-18 

10.00 

s 

RI-3 

5.85 

B/C/S 

RW-9537 

6.90 

B 

Kl-30 

7.65 

B/C/S 

RI-13 

6.25 

B/C/S 

RY-9539 

6.90 

B 

Kl-34 

10.20 

8/C/S 

RI-25 

6.35 

B/C/S 

T— 31 

6.95 

S 

KI-39 

11.10 

s 

RJ-28 

6.00 

B/C/S 

T-35 

6.50 

S 

KI-46 

5.85 

B/C/S 

RI-29 

6.90 

B/QS 

T-36 

5.00 

S 

KI-50 

13.00 

s 

RI-35 

6.95 

B/C/S 

T-37 

4.00 

S 

KI-51 

4.25 

B/Q/S 

Rl-38 

6.25 

B/C/S 

T— 61 

5.10 

C 

KI-52 

10.10 

B/C/S 

Rl-43 

6.75 

B/C/S 

T-61P 

.72/* 

c 

KI-55 

19.00 

S 

Rl  —47 

6.45 

B/C/S 

T-105D 

13.20 

QS 

'  58 

10.20 

S 

RI-48 

6.35 

B/C/S 

T-199D 

8.15 

OS 

KI-59 

12.85 

s 

RI-51 

6.00 

B/C/S 

T-244 

6.25 

c/s 

A-U9 


1011 


Compound 

Price 

TB-20 

$  6.60 

B/C/S 

TB-27 

6.35 

B/C/S 

TCW-10 

8.30 

B/C/S 

TCW-11 

8.30 

B/C/S 

TCW-12 

8.30 

B/C/S 

FR-501 

7.00 

B/C/S 

TFL-300 

5.70 

B/C/S 

TFL-313 

4.05 

B/C/S 

TFL-326 

7.90 

B/C/S 

TFL-330 

6.55 

B/C/S 

TFL-331 

8.85 

B/C/S 

TFL-333 

9.50 

B/C/S 

TFL-335 

5.50 

VC/S 

TFL-362 

8.40 

B/C/S 

TFL-365 

7.35 

B/C/5 

TFL-366 

8.65 

B/C/S 

TFL-370 

7.15 

B/C/> 

TFl-381 

9.00 

B/C/S 

TFL-383 

7.35 

B/C/5 

TFL-386 

7.85 

B/C/S 

TFL-389 

5.30 

B/C/S 

TFL-391 

6.65 

B/C/S 

TFL-397 

7.15 

B/C/5 

TFL-398* 

6.20 

S 

A-150 

* 

Compound 

t*rice 

■w~l 

TFL-399D 

$  6.20 

Vc/s 

TFL-402 

6.20 

VC/S 

TFL-404 

6.30 

VC/5 

TFL-405 

6.80 

VC/5 

Tl— 8 

9.00 

B/C/S 

TI-9 

5.70 

VC/s 

TSP-100 

8.05 

VC'S 

TSP-105 

9.55 

VC/5 

TSP-107 

7.00 

VC/S 

TSP-110 

6.00 

VC/S 

TSP-120 

10.00 

VC/S 

TSP-133 

5.45 

VC/S 

TSP-136 

75.00/50 * 

VC/S 

TSP-143 

7.75 

VC/S 

TSP-145 

5.95 

B/C/5 

TSP-146 

5.75 

VC/S 

TSP-152 

6.00 

VC/5 

T5P-156 

12.15 

VC/S 

TSP-157 

6.50 

*/C 

TSP-159 

8.50 

VC/S 

Compound 

Price 

FOB  (1) 

’-160 

$  7.70 

0/C/S 

TSP-161 

7.20 

B/C/S 

XC-102 

11.00 

B/C/S 

XC-236 

22.40 

B/C/S 

XC-320 

9.60 

B/C/S 

XC-370 

9.35 

B/C/S 

XC-401 

14.05 

B/C/S 

XC-402 

10.50 

B/C/S 

XC-505 

8.00 

B/C/S 

XC-507 

11.80 

B/C/S 

XC-508 

35.25 

B/C/S 

XC-510 

15.60 

B/C/S 

XC-511 

13.95 

B/C/S 

X-1395 

10.90 

B/C/S 

♦TFL-398  Bulk  Only 

FOB  Laurel,  Ms.  $5.65  Gallon 


Terms:  Net  30  Days 

0)  FOB  Point  BsBreaf  CA 

C=Boyport,  Tx. 
S*6t.  Louis,  Mo. 

All  prices  quoted  are  per  gallon 
except  where  otherwise  indicated. 

PRICES  SUBJECT  TO  CHANGE 


INDUSTRIAL  DRY  PRODUCT  PRICE  LIST 


(F.O  .&.,  ST.  LOUIS,  MO.) 


Quantity 


Product 

Per  Package 

1-9 

10-19 

20-39 

40-119 

TFL-351 

50*/bag 

$4.00/* 

$3.75/* 

$3.40/* 

$2.95/* 

TFL-352 

50*/bag 

$3.10/* 

$2.75/* 

$2.50/* 

$2.30/* 

TFL-353 

50*/bag 

$4.00/* 

$3.75/* 

$3.55/* 

$3.25/* 

TFL-358 

50*/bag 

$4.45/* 

$4.20/* 

$3.85/* 

$3.40/* 

PRICES  SUBJECT  TO  CHANGE  WITHOUT  NOTICE 


Effective  April  15,  1980 


A-152 


120  &  Up 
$2.90/* 
$2.20/* 
$3.15/* 
$3.25/* 


DISCOUNT  SCHEDULE 


PURCHASED  IN  DRUMS: 

To  determine  the  F.O.B.  cost  per  drum: 

1 .  Determine  base  price  per  gallon  of  formula.  3.  Determine  total  number  of  drums  purchased. 

2.  Multiply  by  55  to  obtain  drum  price.  4.  Subtract  quantity  discounts  using  one  of 

the  tables  shown  below: 


DISCOUNT  PER  DRUM 


Without 

blanket 

order 

BASE 

PRICE 

1-9  dr. 

10-39  dr. 

40-74  dr. 

75-149  dr. 

150-224  dr. 

225  drums 

$5 .00  and  up 

0 

$5 

$6 

$8 

$9 

$10 

Below  $5.00 

0 

$3 

$4 

$5 

$5 

$  5 

With 

blanket 

order 

100  dr.  B/O 

150  dr.  B/O 

225  dr.  B/O 

$5.00  and  up 

$8 

$9 

$10 

Below  $5.00 

$5 

$5 

$  5 

,  JRCHASED  IN  BULK: 


To  determine  F.O.B.  Bulk  Price  per  Gallon:  3.  Subtract  quantity  bulk  discount  using  one  of 

the  tables  shown  below: 

1 .  Determine  base  price  per  gallon  of  formula. 

2.  Determine  total  number  of  gallons  purchased. 


DISCOUNT  PER  GALLON 


Without 

blanket 

order 


BASE 

PRICE 


$5.00  and  up 


Below  $5.00 


2200-4124  gal. 


23$ 


19$ 


4125-8249  gal. 


26$ 


21$ 


8250-12,374  gal,  12,375  gal.  &  up 


28$ 


21$ 


550  gallons  and  up 


30$ 


21$ 


With 

blanket 

order 


100  dr.  B/O 


$5,00  and  up 


26$ 


Below  $5.00 


21$ 


8250  gal. 
150  dr.  B/O 


28$ 


21$ 


12,375  gal. 
225  dr.  B/O 


30$ 


21$ 


ANNUAL  BLANKET  ORDERS 


Tretolite  Division  offers  the  following  Blanket  Order  Plan  in  addition  to  its  regularly 
quoted  quantity  discounts. 

1 .  The  customer  issues  to  Tretolite  a  blanket  purchase  order  for  liquid 
products  to  be  delivered  within  12  months.  The  minimum  blanket  order 
is  for  100  drums  of  5,500  gallons .  Blanket  orders  can  also  be  written 
for  150  drunm  and  225  drums  to  qualify  for  a  larger  discount. 

2.  Our  products  will  be  delivered  to  you  when  and  as  you  need  them 
within  a  12  month  period. 

3.  The  customer  will  be  invoiced  on 'each  delivery  and  will  receive  the 
quantity  discount  applicable  to  the  blanket  order. 

4.  If  the  customer  does  not  purchase  his  blanket  order  requirement  of 
Tretolite's  products  during  the  designated  12  month  period  he  will 
be  invoiced  for  actual  shipments  in  accordance  with  Tretolite's 
price  and  discount  schedule  in  effect  at  the  time  of  shipment. 

Ihe  following  statement  must  be  shown  on  Blanket  Purchcse  Orders: 

**  "This  purchase  order  is  for  a  minimum  of  (100,  150,  225)*  drums  of 
Tretolite  Division's  liquid  products  purchased  within  12  months  of 
purchase  order  date.  It  does  not  cover  less  than  55  gallon  drum 
quantities.  Solid  products  do  not  qualify  for  blanket  orders". 

“All  invoices  covered  by  this  blanket  order  will  be  at  the  discount 
applicable  to  the  blanket  order.  If,  during  the  designated  12  month 
period,  less  than  the  specified  number  of  drums  of  Tretolite  Division's 
products  are  purchased.  Tretolite  will  invoice  for  actual  shipments 
in  accordance  with  their  price  and  discount  schedule  in  effect  at  time 
of  shipment". 

Tretolite's  warehouses  are  located  in  the  major  oil  producing  areas  to  provide  you 
with  readily  available  products,  eliminating  the  need  for  large  customer  inventories. 


"Indicate  number  of  drums. 


A-154 


CREDITS  AND  RETURNS 


Tretolito  Division  will  not  accept  for  credit  or  exchange  products  older  than  one  year. 
Products  less  then  one  year  old  may  be  returned  to  a  Tretolite  location  if  approved  by 
the  District  Manager. 

A  20%  restocking  charge  will  be  made  for  chemical  returned  to  stock  location  or  warehouse 
for  customer  convenience.  The  freight  is  to  be  prepaid  by  customer. 

The  purchase  order  number  or  date  of  purchase  of  the  returned  chemical  is  necessary  to 
support  the  credit  memo  and  should  be  put  on  the  Bill  of  Lading  when  possible. 


PALLETIZED  SHIPMENTS 

A  charge  of  $16.00  per  pallet  (3  drums  or  less)  will  be  added  for  pelletizing  drums. 


5  -  GALLON  CONTAINERS 
LIQUID  PRODUCTS 

Pricing  of  liquid  products  add  $1 .65  per  gallon  to  the  alphabetical  list  base  price. 
Five  gallon  container  purchases  are  not  eligible  for  discounts. 
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ANTI-FOULING  AND  STABILIZING  AGENT  FOR 
DISTILLATE  FUELS 


POLYFLO  130  is  a  corrosion  inhibiting,  polymeric  type, multi-purpose  luel  oil  .idditive.  Its  primary  func¬ 
tions  are  those  of  an  anti-fouling  agent  for  lieat  exchangers  and  a  thermal  stabilizer  for  residual  oils.  It 
serves  as  a  detergent  for  storage  tank  sludge,  as  a  dispersant  for  wax  and  sludge  deposits,  and  as  a  pour 
point  depressant  lor  many  blended  distillate  oils. 

POLYFLO  130  was  developed  as  an  alternative  to  POLYFLO  100,  for  use  under  cold  weather  conditions. 
In  a  number  ol  cases,  it  is  a  better  fuel  oil  stabilizer,  though  its  aetion  is  apt  to  be  specific,  depending 
upon  the  oil  to  be  treated.  And  in  an  even  greater  number  of  cases,  it  is  superior  to  all  members  of  the 
POLYFLO  family  in  its  ability  to  inhibit  rust  formation. 


TYPICAL  PHYSICAL  PROPERTIES 


Physical  Form 

Liquid 

Gravity  at  60"  F 

26.0"  API 

Density,  g.  ml  at  15  "C 

0.9095 

Weight,  at  60°  F 

7.6  lbs  gal 

Pour  Point 

-5'  F  i-21  C) 

Cloud  Point 

2"F  (-17  C) 

Flash  Point,  Tag  Open  Cup 

122"  F  (50JC) 

Flash  Point,  Pensky-Nartens 

109"  F  (400 

Viscosities 

Kinematic  at  bO^F  115.5'  C> 

196  es 

Kinematic  at  100"F  (38'  C) 

66  cs 

Universal  at  100'F 

398  sec 

Universal  at  60' F 

905  sec 

Universal  at  40'  F 

1674  sec 

Universal  at  20  F 

3237  -.ei 

Universal  at  6.3  F  t  — 14  C> 

5000  sec 

00 SAGE 

Normal  dosage  levels  vary  Iron  about  5  to  50  parts  per  million  <0.0005*.  to  0.005'.  by  weight,  or  2  to  15 
lbs  1000  bbls). 

Each  ol  the  POLYFLO  compounds  exhibits  different  degrees  of  effectiveness  in  different  stocks,  so  that 
it  is  difficult  to  recommend  one  over  the  other  without  adequate  test  data.  Indeed,  in  solving  some  com¬ 
plex  problems,  blends  of  additives  are  sometimes  recommended. 

EVALUATION  OP  PROTECTIVE  ACTION 

Until  recently,  a  wide  gap  existed  between  the  storage  stability  of  cracked^blends  and  straight-run  oils. 
Cracked  components  tended  (and  still  dolto  form  soluble  gums  and  insoluble  sediments.  Additional  refin¬ 
ery  treatment.  Including  hydrogenation,  has  narrowed  the  gap.  But  with  each  processing  treatment  adding 
to  the  costs,  e.g.  in  excess  of  10c  'bb I  for  minimum  acceptable  results  from  hydrogenation,  the  addition 
of  inhibitor-dispersants  to  chemically  treated  oils  offers  distinct  economic  advantages. 


uop 
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Extensive  research  by  UOP  in  the  inhibitor  field  led  to  the  development  of  the  POLYFLO  series  of  addi¬ 
tives  for  handling  the  problems  ol  gum  and  sediment  formation,  filterability,  color  development,  water 
hold-up,  corrosion,  and  pumpability.  These  POLYFLO  additives  dilfet  from  nne  another  in  their  ability  In 
provide  answers  to  problems  encountered  with  different  oil  blends  under  a  variety  of  conditions.  To  clmosc 
the  correct  POLYFLO  for  protection  of  a  particular  oil,  under  a  given  set  of  conditions.  Universal  em¬ 
ploys  a  series  of  evaluation  tests  that  have  proven  practical. 

In  ninning  these  tests  in  the  labora^t  v  *<rst  obtains  preliminary  Informationby  amiscroscopic,  pliy. 
ical  and  chemical  examination  qi  |h>  e*  i<*  mown  deleterious  compounds  such  as  copper,  thlophenols 
and  nitrogen.  Samples  ol  the  oil  »*  bagr****-#  are  then  run  through  screening  tests  to  determine  the  most 
promising  adJitive  and  cone e^ ;*►;**>  Include  one  and  two  day  accelerated  heat  tests  (or  evalua¬ 

tion  of  color  changes  and  sedlHinvr*'*v..-  *ue  selected  additives  may  then  be  subjected  to  larger  scale 
storage  tests  at  110°F  for  period*  r  3-4  months,  during  which  relative  sedimentation,  filterability 
and  color  development  are  perin.4- iyiy  checked.  Naturally,  such  factors  as  caustic  scrubbing  mid  blend 
ratios  of  various  distillatett  xty.  also  Vv  considered  in  the  program. 

Th.  result  of  such  testing  often  shows  that  an  additive  which  may  be  competitive  with  a  specific  POLY¬ 
FLO  under  one  set  of  test  corxN(.<ehs  is  non-competitive  in  other  tests.  UOP's  recommendations  are  there¬ 
fore  based  on  over-all  performance  data  rather  than  on  the  results  of  one  specific  test. 

APPLICATION  EXAMPLES 

The  thermal  stabilising  values  of  POLYFLO  130  as  a  fuel  oil  additive  are  indicated  hy  the  data  in  Tahir 
I.  Preliminary  data  of  the  type  shown  are  the  results  of  accelerated  heatinq  tests.  In  this  particular  case, 
the  tests  were  run  on  a  healing  oil  blend  ol  50*.  light  cycle  oil  and  50**  straight  run  fuel  oil  having  an 
original  AST II  Color  ol  *>  and  Photo  Color  ol  98.3. 


faille  i 

One  Pay  fuel  \>ii  Stability  T es| 
UOP  Method  No.  413-61* 


Concn 

ASTM 

Photo 

Sediment 

Additive 

ppm 

Color 

Color 

mg  L 

Blank 

0 

3 

4b.O 

27 

POLYFLO  130 

40 

l‘i 

70.5 

2 

PROOUCT  ”T" 

40 

2 

63.5 

H 

PROOUCT  ”U" 

40 

1«« 

70.5 

7 

*  lb  hours  at  212°F  in  oxygen  medium. 

Another  typeof  preliminary  test  occasionally  usedby  Universal  Involves  heating  (he  oil  in  air  for  4H  hour, 
al  212°F.  The  50-50  blend  used  in  (he  test  in  Table  i  showed  the  "Blank"  dropping  to  an  ASTM  Color  ol 
greater  than  8  (Photo  Color  of  Zero),  while  (he  blei.d  containing  40  ppm  POLYFLO  130  shpwed  as  ASTM 
Color  of  2H.  The  blend  with  80  ppm  of  POLYFLO  130  gave  an  ASTM  Color  of  2  after  48  hours,  while  mm*. 
petitive  Products  "T"  and  **U"  gave  values  of  4  and  3  respectively. 
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Similar,  accelerated  tests  on  blends  containing  different  ratios  ol  tiie  same  Itolil  cycle  oil  and  straight- 
run  oil  showed  that  POLYFLO  130  maintained  its  superiority  over  the  same  competitive  products,  p.irlii  - 
ularly  with  respect  lo  low  sediment  formation. 

Storage  tests  of  several  months  duration  are  frequently  run  at  110"F  on  blends  containing  the  most  promis¬ 
ing  ol  the  additives  or  addition  combinations.  In  many  cases,  POLYFLO  130  confirms  its  margin  of  super¬ 
iority;  in  other  cases,  another  of  the  POLYFLO  series  of  compounds  is  apt  to  be  the  preferred  additive. 

The  Santa  Fe  Heating  Test  190  minutes  at  300°F,  after  12  weeks  storage  at  1I0"F)  may  also  be  employ¬ 
ed  by  UOP  for  screening  purposes.  In  many  cases,  oils  to  which  POLYFLO  130  has  been  added  react 
favorably; in  other  cases,  the  use  of  POLYFLO  120  or  121  (inhibitor  types)  may  be  indicated. 

To  evaluate  the  anti -screening-clogging  characteristics  of  oils  UOP  used  Socony  Mobil  Tentative  Method 
No.  S30-58.  In  this  method,  the  oil  is  circulated  repeatedly  through  a  filter  so  that  the  sediment  build-up 
over  a  period  of  time  can  be  measured.  Thus  the  dispersing  action  of  the  additive  can  be  evaluated,  for 
it  seems  obvious  that  an  additive  which  permits  agglomeration  of  suspended  particles  will  result  in  a  poor 
rating.  The  rating  is  shown  as  the  per  cent  reduction  in  the  weitfit  of  the  screen  deposit,  and  a  fuel  with 
a  rating  above  90*  is  considered  excellent. 


Table  II 


Aati.Screeaiag.Cleggiag  Character! i lie*  af  Ha.  2  Feel  Oil 
Oil  U«ed<  Me.  2  Meeting  Oil.  UM2,  UOP  Na.  42-2054 


Additive 

ppm 

Rating 

POLYFLO  130 

lb 

vs 

POLYFLO  130 

33 

'IS 

POLYFLO  130 

58 

97 

POLYFLO  WO 

33 

94 

Product  "P" 

16 

12 

Product  "P" 

33 

36 

Product  **P" 

117 

48 

Competitive  Product  "P"  was  included  in  this  Table  because  it  had  been  found  to  be  competitive  with 
POLYFLO  130  in  the  heating  and  storage  stability  tests  of  this  particular  oil.  But  the  Socony  Mobil  Test 
shows  it  to  be  definitely  inferior  as  a  detergent-dispersant 

POLYFLO  130  shows  its  rust  inhibiting  values  in  ASTM  Turbine  Oil  Corrosion  Test  O  667,  which  use 
modified  resistance  probes,  synthetic  sea  water  and  a  temperature  of  140"F. 


nop 

Process  Division 

Universal  Oil  Product*  Comptny 
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TabU  III 

Turbine  Oil  Cerretiee  Tati 
Oil  Used:  Na.  2  Fuel  Oil  (OOP  Merited  354-5*1 


Additive 


Mils  i>or  yp.ii 


POLYFLO  130  5  99 

POLYFLO  130  10  54 

POLYFLO  130  20  25 

POLYFLO  130  40  15 

The  difference  between  oils  also  shows  up  on  these  corrosion  tests.  For  example,  a  blend  of  30*.  light 
cycle  oilfcaustic  washed) and  70\  light  gas  oil  which  gave  corrosion  values  ranging  from  105  lo  141  mpy 
for  4  blanks,  showed  values  of  1  and  less  than  1  mpy  for  the  sample  containing  40  ppm  and  80  ppm  of 
POLYFLO  130.  It  is  also  worthy  of  note  that  this  same  30-70  blend,  when  subjected  to  the  one  day  furl 
oil  stability  test,  gave  an  ASTM  Color  of  3  and  11  mg  Liter  sediment.  Wien  protected  by  40  ppm  POLY¬ 
FLO  130,  an  ASTM  Color  of  2'i  and  a  sediment  of  only  1  mg/Liler  was  obtained.  Results  such  as  these 
not  only  show  the  value  of  mnning  several  tests  but  also  prove  Brat  POLYFLO  130  exhibits  corrosion  in¬ 
hibition  values  in  addition  to  its  previously  demonstrated  dispersant  and  detergent  properties. 

POLYFLO  130  also  serves  as  a  pour  point  depressant  for  a  number  of  blended  distillate  oils,  altlimnHi 
its  effect  is  not  generally  predictable.  Reductions  of  15-30'  F  for  40-50'  F  pour  point  oils  have  been  uoli-d. 

HANOLING 

POLYFLO  130  is  preferably  added  to  fuel  oils  by  continuous  injection  into  a  flowing  stream.  Its  handlmn 
presents  no  unusual  hazard,  but  normal  precautions  for  handling  petroleum  additives  should  be  taken.  Ad¬ 
equate  protective  clothing  and  proper  ventilation  is  recommended;  in  event  of  skin  contact,  wash  oil 
promptly  with  soap  and  water. 

SHIPPING  INFORMATION 

Bill  of  Lading  Description:  "Fuel  Oil  Treating  Compound"  for  preventing 
Precipitation  of  sediment. 

Containers:  Non-returnable  steel  drums 

400  pounds  net,  450  pounds  gross  weight 


Warehouses: 


Houston,  Texas 
Tulsa,  Oklahoma 
Mt.”  Vernon,  Wash. 


Long  Beach,  Calif. 
McCook,  Illinois 
F.  Rutherford,  N.  J. 


March,  1967 
T-391-B 
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DISPERSANT  -  STABILIZER  FOR  DISTILLATE  AND 
RESIDUAL  FUELS 

POLYFLO  100  is  an  ashiess,  oil-soluble,  multi-purpose  dispersant-stabilizer,  designed  to  improve  and 
protect  distillate  fuels.  It  is  a  polymeric  type  additive  that  fulfills  a  number  of  functions: 

1.  Improves  finished  products 

a)  As  a  dispersant-stabilizer  for  No.  2  fuel  oils 

b)  As  a  dispersant  in  residual  oils 

c)  As  a  pour  point  depressant  for  No.  2  fuel  oils 

2.  Serves  as  a  processing  aid 

a)  As  an  antifouling  agent  in  crude  exchangers 

b)  As  an  anti  fouling  agent  in  preheat  exchangers  for  naphthas 

c)  In  alkylation  units  to  neutralize  and  disperse  decomposition  products  of  acid  esters 

TYPICAL  PHYSICAL  PROPERTIES 

Physical  Form  Liquid 


Gravity  at  60° F 

2b.6°  API 

Density  at  15° C 

0.894  g/ml 

Weight  att>0°F 

7.5  ibs/gal 

Pour  Point 

b0°F 

Flash  Point,  Tag  Open  Cup 

121° F  (50°C) 

Flash  Point,  Pensky-Martens 

Viscosities 

100° F  (38°  C) 

Kinematic  at  38°C 

15  cs 

Universal  at  100°F 

78  sec 

Universal  at  62°F 

273  sec 

DOSAGE 

Recommendations  for  the  required  concentration  of  POLYFLO  100  depend  upon  tire  application  involved 

and  the  severity  of  the  problem.  Usage  levels  may  vary  from  about5  parts  to  50  parts  per  million  (0.0005% 
to  0.005%  by  weight,  or  2  to  15  pounds  per  1000  barrels). 

TabU  1 

Suggested  Dosaga  Lave 

Is 

Application 

Ibs/MB 

g/m3 

Antifouling  agent  for  heat  exchangers 

IK-9 

5-30 

Thermal  stabilizer  for  distillate  and  residual  fuels 

3-12 

10-40 

Oispersant-stabilizer  for  diesel  and  furnace  oils 

3-12 

10-40 

Pour  point  depressant  for  blended  distillate  oils 

3-90 

10-300 

PROCESS O.V...O. 
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PROTECTING  BLENDED  FUELS 


Demands  for  improved  distillate  fuel  products  and  the  concomitant  increasing  use  of  blends  of  straight* 
run  and  cataly ti cally  cracked  products  have  emphasized  the  problems  of  products  protection.  Cracked 
components,  in  particular,  are  quite  susceptible  to  oxidation  and  to  chemical  changes  which  result  in  the 
formation  of  gums  and  insoluble  sludges.  Selective  hydrogenation  of  cracked  stocks,  as  in  Unifining*, 
assists  in  removing  contaminants  and  in  saturation  of  ofefinic  hydrocarbons,  but  it  is  appreciably  more 
expensive  than  the  useof  stabilizing  additives.  Consequently,  the  current  trend  is  toward  combinations  of 
processing  treatments  and  use  of  additives  designed  to  meet  individual  fuel  stability  requirements  on  the 
most  economical  basis. 

In  developing  the  POLYFLO  family  of  compounds,  it  was  known  that  no  single  additive  could  solve  all 
the  stabilization  and  dispersant  needs  of  all  types  of  fuels.  Several  different  POLYFLO  products  were, 
therefore,  synthesized  to  meet  the  various  needs.  POLYFLO  100  was  designed  to  serve  as  a  dispersant* 
stabilizer  for  distillate  and  residual  fuel  oils,  as  the  following  data  indicate. 

APPLICATION  EXAMPLES 

Antifouling  Agent -to  prevent  deposition  of  gum  and  carbonaceous  matter  in  heat  exchangers.  These  may 
be  heat  exchangers  through  which  pass  process  streams  such  as  crude  oil,  distillation  products,  or  the 
charge  to  a  Platformer*  or  Unifiner*.  For  example,  in  one  refinery,  before  the  use  of  POLYFLO  in  a 
catalytic  reformer  operating  on  Pennsylvania  naphtha,  the  exchanger  fouled  so  badly  in  6  to  8  weeks' 
operation  that  the  pressure  drop  across  it  increased  from  5  to  50  pounds,  necessitating  shut  down  of 
the  unit.  After  addition  of  10  parts  per  million  of  POLYFLO  100  to  the  reformer  charge,  the  pressure 
only  rose  from  5  to  12  pounds  in  3  months'  operation.  Visual  inspection  showed  a  substantial  deposit 
in  the  heat  exchanger  when  operating  without  POLYFLO  100,  while  inspection  of  the  equipment  after 
the  dispersant  had  been  used  showed  a  marked  decrease.  For  other  examples,  see  Graph  No.  1  and 
Tables  2  and  3.  Graph  No.  1  shows  the  value  of  POLYFLO  100  addition  to  a  crude  unit  in  another  re¬ 
finery  plagued  with  the  plugging  of  feed  effluent  heat  exchangers.  The  POLYFLO  injection  was  start¬ 
ed  midway  through  Run  No.  1.  It  was  continuously  injected  during  Run  No.  2.  In  both  runs  the  crude 
charge  was  kept  constant.  The  value  of  POLYFLO  100  is,  and  was,  obvious. 

In  order  to  run  comparative  tests  on  a  laboratory  scale  basis,  UOP  frequently  runs  the  ASTM  Fuel 
Coker  tests  to  compare  fuels  with  and  without  added  POLYFLO  100.  This  ASTM  Method  0  1660-6 IT 
is  used  to  measure  the  high  temperature  stability  of  a  fuel.  The  fuel  being  evaluated  is  pumped  at  a 
specified  ratetb  pounds  per  hour  for  5  hours) through  a  simulated  preheater  section  and  thence  through 
a  heated  filter  section  which  represents  a  nozzle  area  or  small  fuel  passages.  A  precision  sintered 
stainless  steel  filter  in  the  heated  filter  section  traps  fuel  degradation  products  formed  during  the  test. 
The  extent  of  the  build-up  of  these  trapped  partictesis  noted  as  an  increased  pressure  drop  across  the 
test  filter.  This  pressure  differential,  in  combination  with  the  deposit  condition  of  the  preheater,  is 
used  as  an  assessment  of  the  thermal  stability  of  the  fuel. 

As  Table  2  below  shows,  the  reformer  feedstock  was  stable  under  the  300°F  preheater  and  400°F  fil¬ 
ter  test  conditions.  However,  the  pressure  drop  across  the  filter  increased  to  25  inches  of  mercury  :n 
285  minutes  under  higher  preheater  and  filter  temperature  conditions.  Table  3  shows  the  heavy  naphtha 
plugged  the  filter  even  more  quickly.  In  all  cases,  the  runs  were  continued  for  the  full  300  minu***  in 
order  to  obtain  the  desired  heater-tube  ratings.  These  ratings,  which  indicate  tube  deposits  along  a  13 
inch  section  of  the  preheater  tube,  are  rated  on  the  ASTM  Color  Standard  (zero  indicating  no  visible 
deposits).  In  the  case  of  competitive  Product  **N",  it  is  evident  from  T able  3  that  it  not  only  permits 
deposits  in  the  first  five  inches  of  the  preheater  tube  but  also  permits  plugging  up  of  the  filter  faster 
than  the  minimum  test  limit  of  300  minutes. 
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Tables  2  and  3  both  show  that  POLYFLO  100,  though  it  may  sometimes  permit  barely  visible  deposits 
at  the  20  ppm  level,  can  disperse  fuel  degradation  products  so  well  that  little  or  no  pressure  different¬ 
ial  across  the  filter  exists  throughout  the  standard  300  minute  test  period. 


Tobl.  2 

CF  R  Cokar  Ta»t 


Samples:  Reformer  Feedstock 

Test  Conditions:  300° F  Preheater  and  400° F  Filter  Temperature, 
6  pounds  per  hour  fuel  flow 


As  received 


Filter 

Time,  Min.  Ap,  HgM 


Preheater  Rating 
by  inches  to  13-inch  length 


300 


0.8 


0,  0,  0,  etc.  to  13  inches 


Test  Conditions:  400°F  Preheater  and  500°F  Filter  Temperature,  b  pounds  per  hour  fuel  flow 


As  received 

285/300 

25.0 

0,  0,  0,  etc.  to  13  inches 

POLYFLO  100,  10  ppm 

300 

0.1 

1,  3,  3,  2,  1,  0,  0,  etc.  to  13  inches 

POLYFLO  100,  20  ppm 

300 

0.0 

0,  0,  2,  0,  0,  etc.  to  13  inches 

Product  “N,"  20  ppm 

124/300* 

25.0 

4,  4,  4,  4,  2,  2,  0,  etc.  to  13  inches 

•The  notation  “124/300"  means  that  the  pressure  of  25"  of  Hg  was  reached  in  only  124  minutes  rather 
than  the  300  minutes  used  for  JP-4  stability.  It  also  means  the  filter  was  by-passed  and  the  run  continu¬ 
ed  to  300  minutes  in  order  to  obtain  heater-tube  ratings. 

TabU  3 

CFR  Cokar  T nt 

Sample:  Heavy  Naphtha 

Test  C  'flditions:  400° F  Preheater  and  500° F  Filter  Temperature, 
b  pounds  per  hour  fuel  flow 

Filter 

Preheater  Rating 

Time,  Min. 

Ap,  Hg" 

by  inches  to  13-inch  length 

As  received 

70 

25.0 

0,  0,  0,  0,  etc.  to  13  inches 

POLYFLO  100,  20  ppm 

300 

0.3 

0,  0,  0,  0,  etc.  to  13  inches 

Product  “N,"  20  ppm 

220* 

25.0 

1,  2,  3,  2,  1,  0,  etc.  to  13  inches 

•This  run  with  a  so-called  competitive  product  stopped  it  220  minutes,  it  was  evident  the  tube  rating 
would  have  been  much  worse  had  the  run  been  continued  and  the  filter  by-passed. 

Stabilitar-Diaperaant:  To  reduce  color  formation  and  to  prevent  or  decrease  sediment  and  sludge  formation 
in  diesel  and  furnaceoils  during  storage.  The  two  tables  that  follow  show  the  effect  of  POLYFLO  100 
addition  to  a  typical  No.  2  fuel  oil: 


Tibi*  4 


On*  Day  Fu*l  Oil  Stability  T*st 


UOP  Method  No.  413*41 

(a) 

Concn. 

ASTM 

Sediment 

Additive 

ppm 

Color 

mg/100  ml 

None 

0 

2H 

2.1 

POLYFLO  100 

40 

1H 

0.3 

POLYFLO  100 

40 1 

1 

0.1 

CuOeact  AWR  (50) 

2J 

(a)  16  hours  at  212°F 

in  oxygen  medium 


Tabl*  5 

Haating  Oil  Stability  T**t*^ 


Accelerated  Test 

Storaqe  Test 

Additive 

ppm 

ASTM  Color 
24  hr. 

48  hr. 

Sediment 
mg/tQO  ml 

None 

0 

ZK 

3  H 

3.b 

POLYFLO  100 

20 

1H 

3 

- 

POLYFLO  100 

40 

1 

2 

POLYFLO  100 

80 

1 

1H 

0.9 

Accelerated  test  involves  heating  for  48  hours  at  212°F.  Storage  test  covers  90  days  at  110°F. 

Both  tables  show  that  addition  of  POLY  FLO  100  to  a  typical  heating  oil  greatly  improves  the  oil's 
resistance  to  color  degradation  and  formation  of  sediment.  The  addition  of  2ppm  of  UOP'S  Copper  De- 
activator  AW(50)  to  40  ppm  of  POLYFLO  100  results  in  still  further  improvement  -  a  synergistic 
.  effect 

When  added  to  No.  2  fuel  oils,  POLYFLO  at  20-40  ppm  will  enable  most  oils  to  pass  the  Socony  Mobil 
Analytical  Method  for  Dispersancy  (Tentative  Mobil  Method  530-58)  with  a  rating  of  90%  or  better. 
This  Method  determines  the  anti-screen-clogging  characteristics,  the  rating  indicating  the  percent  re¬ 
duction  in  the  weight  of  screen  deposit.  This  shows  that  POLYFLO  100  has  the  ability  to  disperse 
solid  particles  in  such  a  finely  divided  form  that  they  willnot  clog  the  filter  screens.  Thus  POLYFLO 
100  serves  both  as  an  inhibitor  and  a  dispersant. 

Inhibitar-Di*p*rsant:  To  prevent  wax  and  sludge  deposits  in  storage  tanks  holding  crude  oil  or  residual 
fuels  (e.g..  No.  5  and  No.  6  fuel  oils),  and  to  peptize  and  disperse  such  deposits  when  they  have  al¬ 
ready  formed.  As  an  inhibitor,  it  reduces  and  controls  sludge  formation  in  these  high  viscosity  stored 
fuels.  As  a  dispersant,  it  controls  sludge  particle  size,  prevents  agglomeration  and  deposition.  It  also 
has  been  successfully  used  in  eliminating  existing  deposits  in  such  tanks  when  added  to  the  fuel  go¬ 
ing  in  and  out  of  the  tank. 


P«ur  Point  Depressant.-  It  is  often  an  effective  pour  point  improver  for  blended  distillate  oils,  although 
its  effect  is  not  generally  predictable.  Reductions  of  15-30°F  for  40-50°F  pour  point  oils  have  been 
noted.  It  will  also  improve  the  pumpabifity  of  distillate  oils  at  low  temperatures. 


Tabu  6 

POLY  FLO  100 
A*  a  Pour  Point  Modifier 


Sample  Designation 


No.  5  fuel  oil 


Sample  Number 


212 


UOP  Number 


71-4898 


Pour  Points 

Original  (no  additive) 

Plus  50  ppm  POLY  FLO  100 
Plus  150  ppm  POLY  FLO  100 
Plus  300  ppm  POLY  FLO  100 


25° C  (77°  F) 
-5°C  (23°F) 
-10°C  (14°F) 
-15° C  (5°F) 


HANDLING 

POLYFLO  100  is  preferably  added  to  hydrocarbon  products  by  continuous  injection  into  a  flowing  stream. 
The  injection  system  should  be  capable  of  accurate  proportioning  but  need  not  be  complex.  Batch  addi¬ 
tion  may  also  be  practiced  where  the  additive  must  be  added  to  a  product  already  in  a  tank.  The  addition 
should  be  gradual,  and  followed  by  thorough  agitation  of  the  oil  by  recirculation  or  mechanical  mixing. 

Thu  handling  of  POLYFLO  100  presents  no  unuiual  hazard,  but  normal  precautions  for  handling  patrolaom 
additives  should  be  taken.  Adequate  protective  clothing  and  proper  ventilation  is  recommended;  in  event 
of  skin  contact,  wash  off  promptly  with  soap  and  water. 

TECHNICAL  SERVICE 

No  one  inhibitor  or  inhibitor-dispersant  can  fully  and  effectively  protect  every  type  of  distillate  fuel. 
Each  needs  its  own  proper  inhibitor  selection,  which  must  be  determined  by  a  comprehensive  analysis  of 
the  fuel  to  be  treated.  Universal  therefore  provides  a  series  of  four  POLYFLO  compounds, Nos.  100,  120, 
121  and  130.  The  services  of  technically  trained  field  men  with  years  of  experience  in  handling  petroleum 
products  are  always  available  to  users  of  POLYFLO  100  and  other  UOP  products. 

SHIPPING  INFORMATION 

Bill  of  Lading  Description:  "Fuel  Oil  Treating  Compound  for  Preventing  Precipitation  of  Sediment" 

Containers:  Non-returnable  Steel  Drums, 

400  pounds  net,  450  pounds  gross  weight 

Warehouses: 

Houston,  Texas 
Tulsa,  Oklahoma 


March,  1967 
T-367-B 

The  dal*  and  recommendations  presented  in  this  bulletin  concerning  tha  use  of  our  products  at*  believed  to  bo  accu¬ 
rate  and  are  based  on  tests  and  analytical  methods  which  are  considered  reliable.  However,  the  customer  should 
determine  the  suitability  of  such  materials  for  his  purpose  before  adoptini  them  on  a  commercial  scale.  Since  the  use 
of  our  product*  by  others  is  beyond  our  control,  no  guarantee,  express  or  implied,  is  made  and  no  responsibility  as¬ 
sumed  far  the  us*  of  this  material  or  the  results  to  be  obtained  therefrom.  Moreover,  the  recommendation*  contained 
in  this  bulletin  are  net  to  be  construed  as  a  license  to  operate  under,  or  a  recommendation  to  infringe,  any  existing 
patents,  nor  should  they  be  confused  with  state,  municipal  or  insurance  requirements,  or  with  national  safety  codes. 
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EFFECT  OF  POLYFLOW  IN  PREVENTING  FOULING  IN  A  CRUDE 

OVERHEAD  EXCHANGER 
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POLYFLO*  140 


DISPERSANT-STABILIZER  FOR  DISTILLATE  AND  RESIDUAL  RIELS 

POLYFLO  140  is  a  new  amine  polymer  having  much  improved  physical  properties  when  compared  to  eer- 
tain  other  polymeric  type  dispersant-stabilizers.  Its  main  functions  are  in  the  area  of  mitigating  exchanger 
fouling  and  fuel  oil  stabilization  with  or  without  the  auxiliary  use  of  a  Copper  Deaetiviator. 

POLYFLO  140  in  some  cases  functions  as  a  pour  point  depressant  in  blends  of  No.  2  cycle  oil  and  kero- 
sine. 

TYPICAL  PHYSICAL  PROPERTIES 


Physical  Form 

Liqu  id 

Gravity,  “API  at  60°  F 

24.0 

Specific  Gravity  at  60s  F 

0.1100 

Oensity  at  15°C 

0.9095 

Weight  at  60® F,  Ibs./gal 

7.58 

Pour  Point,  °F 

below  -85 

Flash  Point.  T.O.C.,  °F 

142 

Flash  Point,  Pensky-Martens,  °F 
Viscosities: 

130 

Kinematic  at  60“F  ,  cs 

41.07 

Kinematic  at  100° F  ,  cs 

19.79 

Universal  at  60°F  ,  secs 

190.6 

Universal  at  100° F  ,  secs 

96.9 

Universal  at  -33*F  ,  sees 

5000 

OOSAGK 

Antifoulant . 10-20  ppm 

Fuel  Oil  Stabilizer  .  .  .15-40  ppm 
Pour  Point  Improver.  . .  up  to  1000  ppm 

HANDLING 

POLYFLO  140  is  an  organic  base  and  should  not  be  permitted  to  remain  in  contact  with  the  skin  but  wash¬ 
ed  off  immediately  with  soap  and  warm  water.  The  eyes  should  be  protected  at  all  times. 

CONTAINER 

Non-returnable  (55  gallon)  steel  drums,  400  pounds  net  weight. 


WAREHOUSES 


Houston,  Texas 
Tulsa,  Oklahoma 


Long  Beach,  California 
McCook,  Illinois 
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APPENDIX  B:  SOURCES  OF  INFORMATION 


Company  Representatives 


E.  I.  du  Pont  De  Nemours  &  Co. 

Petroleum  Laboratory 
Wilmington,  DE  19898 
(609)  299-5000 

Dr.  Cyrus  P.  Henry,  x  795 
Dr.  Perry  Polss,  x  2638 

Ethyl  Corporation 

Petroleum  Chemicals  Division 
1600  West  Eight  Mile  Road 
Ferndale,  MI  48220 
(313)  542-6940 

Mr.  J.  D.  Barleson  (313)  399-9600 

Petrolite  Corporation 
Tretolite  Division 
369  Marshall  Avenue 
St.  Louis,  MO  63119 
(634)  961-3500 

Mr.  J.  I.  Knepper  (314)  961-3500 

Mr.  H.  S.  Andrews,  Jr.  (314)  961-3500,  x  258 

Universal  Oil  Products,  Inc. 

Algonquin  &  Mt.  Prospect  Roads 

20  UOP  Plaza 

Des  Plaines,  IL  60016 

Mr.  R.  Rolland  (312)  391-3407 
Mr.  A.  W.  Drews  (312)  391-3337 
Mr.  F.  H.  Franke  (312)  391-2927 
Monorex  Instrumentation  Division 
Mr.  R.  Braun  (312)  391-3341 
Mr.  C.  A.  Stansky  (312)  391-2000 

Government  Laboratories  and  Divisions 

U.  S.  Army  Mobility  Equipment  Research  &  Development  Command  (MERADC0M) 

Energy  &  Water  Resources  Laboratory 
Fort  Belvoir,  VA  22060 

Mr.  Maurice  E.  LePera,  Chief,  Fuels  *  Lubricants  Division,  (703)  664-3576/4594 
Mr.  J.  A.  Christians,  Chief,  Energy  &  Water  Research  Laboratory,  (703)  664-5696 
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APPENDIX  C 


SCOPE  OF  TASKS 
TO 

U.  S.  ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION  (WES)39 

1.  PURPOSE; 

The  following  tasks  represent  a  preliminary  of  a  long-range  working  relation¬ 
ship  between  the  Huntsville  Division  (HND)  and  the  U.  S.  Army  Engineering 
Waterways  Experiment  Station  (WES)  for  development  of  data  and  design  criteria 
in  support  of  the  Regional  Residual  Storage  Program  (RPR)  being  developed 
under  provisions  of  the  Strategic  Petroleum  Reserve  Program  (SPR)  for  the 
Department  of  Energy  (DOE). 

2.  TASK  DESCRIPTIONS: 

a.  Conduct  search  for  data  desired  by  DOE  regarding  additives  used  in 
various  petroleum  products,  specifically  residual  fuel  oils,  jet 
fuels  and  naptha,  and  outlined  in  Attachment  No.  1. 

b.  Suggested  sources  of  information  are  provided;  however,  research 
should  not  be  limited  to  these  sources. 

3.  SCHEDULE: 

a.  The  completion  date  for  the  completed  Program  Plan  for  the  Department 
of  Energy  Regional  and  Noncontiguous  Storage  Plan  is  31  May  1980. 

b.  The  referenced  tasks  are  necessary  to  support  the  final  preparation 
of  the  Program  Plan. 

c.  It  is  imperative  that  these  tasks  proceed  immediately  and  with 
sufficient  resourses  to  be  completed  21  April  1980. 


APPENDIX  D 


(Generalize 

Use  of  Additives  in  Various  Products 


Residual  Fuel  Oils 

a. .  Pour  Point  Depressants 

b.  Dispersants 

c.  Corrosion  Inhibitors 

d.  Oxidation  Inhibitors 

e.  Metal  Deactivators 

f.  Others,  if  any 

Points  of  concern: 

Appropriate  additives,  long-term  stability,  effectiveness 
sensitivity  to  heating,  undesirable  effects  and  treatment  costs 
and  rates. 

Jet  Fuel 

a.  Antioxidants 

b.  Metal  Deactivators 

c.  Corrosion  inhibitors 

d.  Freeze  inhibitors 

e.  Other,  if  any 

Points  of  concern: 

Appropriate  additives,  storage  stability,  treatment  rates  and 
cost,  and  what  additives  currently  used  in  Hawaii. 

Naphthas 

Apparently  little  attention  has  even  been  given  to  the  use  of  additives 
in  naphthas.  They  are  "unfinished  oils"  and  are  not  stored  for  prolonged 
periods.  Given  the  specifications  for  the  two  napthas  to  be  stored,  what 
additives  would  be  appropriate;  what  is  their  long-term  stability;  and 
what  is  the  dosage  cost.  There  is  an  indication  that  naphthas  are 
moderately  corrosive,  possibly  necessitating  the  use  of  a  corrosion 
inhibitor. 


